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The invention is based on work performed starting frcm a 
particularly virulent strain of the Friend virus The isolate 1-5 of the 
ecotrcjpic Friend murine leukemia virus was obtained from long- 
term bone marrow cultures infected by the FHend virus complex 
which induces polycythemia (FV-P) (Mathieu-Mahul et al.. 1982). 
The FB29 strain of F-MuLV derived from the isolate 1-5 (Sitbon et 
al., 1986) is responsible for cytolytic and leukempgenic effects on 
erythroid cells, leading to severe early hemolytic anemia follcwed 
by late erythrdeukeniia in susceptible mice inoculated at birth. 
The inventors were interested in the specific properties of this 
strain FB29 and have used it to define retroviral vectors. 
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1 . Recombinant vector for the cloning and/or expression 
and/or transfer of an exogenous nucleotide sequence in.scrtcd in said 
vector characterized in that it comprises a control sequence contained 
in a fragment situated approximately between nucleotide 7702 of the 
sequence given in Figure 1 A and nucleotide 1527 of the sequence 
given in Figure IC, said control fragment having a 5' LTR sequence 
\nr\\\f\f-i\ hrxyxf-f-n nucleotides 7842 and 144. a PBS .site starting at 
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nucleotide 145 of the sequence given in Figure 1 A, and a packaging 
sequence included in the sequence of 250 nucleotides following the 
end of the LTR sequence, said control sequence being capable of 
controlling the cloning and/or expression and/or transfer of the 
exogenous sequence whatever its transcriptional orientation with 
respect to the transcriptional orientation of the virus. 

2. Recombinant vector for the cloning and/or expression 
and/or transfer of an exogenous nucleotide sequence inserted in said 
vector characterized in that it comprises a control sequence contained 
in a fragment situated approximately between nucleotide 7702 of the 
sequence in Figure lA and nucleotide 310 of the sequence shown in 
Figure ID said control sequence having a 5' LTR sequence included 
between nucleotides 7842 and 144 of Figure 1 A, a PBS site starting 
at nucleotide 145 of Figure 1 A, a packaging sequence comprised in 
the sequence of 250 nucleotides following the end of the 5' LTR 
sequence, and a 3* LTR sequence included between nucleotide 7842 
of the sequence given in Figure IC and nucleotide 144 of the 
sequence given in Figure 1 D, said control sequence being capable of 
controlling the cloning and/or expression and/or transfer of the 
exogenous sequence whatever its transcriptional orientation with 
respect to the transcriptional orientation of the virus. 
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(54) ritle: RETROVIRAL VECTOR FOR THE TRANSFER AND EXPRESSION OF GENES FOR THERAPEimCAL PURPOSES IN 
EUCARYOnC CELLS 

(54) Thw: VECTEUR RETROVIRAL POUR LE TRANSFERT ET L'EXPRESSION DE GENES A VISEE THERAPELTnQUE, DANS 
DES CELLULES EUCARYOTES 

(57) Abstract 

The invcDtioo relates to a recorobinanl vector for the ck>nii»j aod/or expression and/or transfer of an exogenous nucleoode »e<jucncc 
said vector being chaiacterizcd in that it cotnpriscs any sequence cootaioed in the fragment C-lal PvuU composing tbc nucfcotides 7702 
and 1527 of tbc sequence given in figure (1) and comprising the chain LTR comprised between the nucleotides 7S42 and ^^^^ 
PBS stamng at the nucleotide 145, the eocapsidabon sequence comprised in the chain of 250 nucleotides following the end of the LTR 
sequence said sequence being capable of cootroUing the cloning aod/or expression and/or tranfer of the exogenous sequence, regardless of 
itTlranscriptional orientalioo with respect to the traoscriptioaal oricnutioo of the virus. The mventioo also reUics to the utilisatK>n of said 
vector for the transfer and/or cloning and/or expression of genes panicuUrly for a genie therapy. 

(57) Abregc 

L-invenlion cooccroc un vecieur recombinant pour le clonage ei/ou l expression ct/ou le transfert d une s^ucnce de nuclfetidet 
exoKine caractWs^ en ce qu U comprend toutc sAquenoe cootenue dans le fragment clal PvuD comprenant les nucleotides J7()2 et 1527 
de U sequence doonAe k la figure I et comprenant renchalnexnent LTR compos cntre les nucltotides 7842 et 144. le site PBS d«>utant 
au nucleotide 145. U s6quencc d eocapsidation comprise dans renchaloemcnt de 250 nucl6o6dcs suivant U fin de U s4Squcnce LTR, Udite 
sequence «tant capable de cooti<Sler le clonage et/ou l expression et/ou le transfert de U sequence cxog^oe. queUe que soil son ooentaooo 
ianscriptionnelle par rapport k l orientaiion transcriptiooneUe du virus. EUe eu rrUtive k l utilisatioo de cc vecteur pour le transfert et/ou 
le clonage et/ou V expression de gincs aotammeni dans le cadre de U theraphic gcniquc. 



RFTROVIRAL VECTOR FOR THE TRANSFFR ANJn EXPRESSION 
OF GENES FOR THERAPEUTIC PURPO SES IN FUKARYOTTP 
CELLS 



The object of the inventicxi is novd retrovira] vectors, 
particularly for the transfer and expression of genes in eukaryotic 
cells. In this respect the invention proposes vectors particularly 
suitable for use in the transfer of genes for dinical therapeutic, 
prophylactic or diagnostic purposes. 

The rapid develcpment of molecular genetics has led to the 
identification ci an increasing number of molecular abnormalities 
responsible for human diseases Within the function unit 
constituted by the gene regions responsible for the expression of a 
biological signal and its regulation lie side by side Eadi of these 
regions is liable to be the seat of patholqgical changes leading to a 
qualitative or quantita^ve abnormality of synthesis. The detection 
of these abnormalities allows screening for them but the major 
objective remains therapeutic 

The transfer of genes for therapeutic purposes or somatic 
"gene therapy" consists of inserting a "repairer" gene in the somatic 
cdls of a constituted organism in crder to compensate for the 
dysfunction of an endogenous gene; or even to add a novel function 
for a therapeutic purpose The resulting genetic change is likely to 
he transmitted to the daughter cells cf the manipulated cell but it 
will not be inherited. The normal counterpart of impaired DNA 
sequences is thus transformed into a medicine 

The fidd of genether«q3y is today being very actively 
developed and ocmbines dinical assays (for still very small patient 
populations) with very fundamental researdi work in to matters 
such as the modes cf gene expression or the vectcrizaticn of the 
therapeutic nudeic add sequences The vedcrs presently used are 
derived either from inactivated viruses, such as retroviruses or 
adenoviruses, or macromoiecular comple<es The retrcviruses are 
more suitable for use in a target tissue comprising a ccntingent cf 
stem cells capable of being manipulated ex vivcr on the other hand, 
when the target tissue is constituted of terminally differentiated 
cells or intimately enmeshed in an organ whose ardiitectural 
constraints have major functional consequences, such as the lung. 



the transfer of genes must be performed ip viv<;; for ocample by 
means d adeno/iruses Gene therapy finds apphcatians in diseases 
as diverse as hereditary diseases due to the alteration of a single 
gene, sudi as Duchenne's myopathy, lysosomal diseases, 
mucovisddcsis or acquired diseases such as AIDS, cancers, 
thrombo-embciic disease cr degenerative neurological diseases, 
constitutional hematological diseases. 

Nonetheless, although the potential applications of gene 
transfer are extraordinarily large, the therapeutic devdopments of 
this approach and its appropriateness still come up against 
technological difficulties. 

In this connection, the development dt retroviral vectors more 
efficacious than the existing tods constitute a msgor objective In 
fact, the retroviral vectors have demonstrated their efficacy in 
systems in which the target cells d the transfer are classically the 
subject d mitoses and ideally involve a contingent cf stem odls; but 
the limitations are linked essentially to inadequate infectivity of the 
viruses used and/ or a coo. mo derate levd of transcription. For this 
purpose useful vectors may be selected by considering in particular 
their infective titer. 

The object of the invention is to propose more efficient vectors 
than those existing most o^ which are presently derived from the 
backbone of the Moloney murine leukemia virus 

The invention is based on work performed starting from a 
particularly virulent strain of the Friend virus The isolate 1-5 erf the 
ecotropic Friend murine leukemia virus was obtained from long- 
term bone marrow cultures infected by the Friend virus complex 
which induces polycythemia (FV-P) (Mathieu-Mahul et al., 1982). 
The FB29 strain F-MuLV derived from the isolate 1-5 (Sitbon et 
al., 1986) is responsible for cytolytic and leukempgenic effects on 
erythroid cells, leading to severe early hemolytic anemia follcM/ed 
by late erythrdeukerrria in susceptible mice inoculated at birth. The 
regions responsible for the erythrdeukemia were localized in the 
U3 region of the viral LTR (Sitbon et al., 1986; Sitlxn a al., 1991). 
The prindpal determinant dt the hemdytic anemia seems to depend 
on specific envdope sequences d the FB29 strain; its severity may 
be affected by three distinct regions^ induding a structural segment 
/^'^^'xi envelope enhancer sequences of transcription localized in the 



113 region and, finally, sequences of the U5-gag-pol regions (Siibon 
et al., 1990). 

Furthermore, electron microscopical analyses of the viral 
particles have confimied a significantly higher packaging capacity 
5 (1.5lo2 1og)- 

The inventors were interested in the specific properties of this 
strain FB29 and have used it to define retroviral vectors. 

According to a first embodiment, the object of the invention is 
a recombinant vector for the cloning and or expression andor transfer 
10 of an exogenous nucleotide sequence inserted in said vector 

characterized in that it comprises a control seo'sence contained in a 
fragment situated approximately between nucleotide 7702 of the 
sequence given in Figure 1 A and nucleotide 1527 of the sequence 
given in Figure IC, said control fragment having a 5' LTR sequence 
15 included between nucleotides 7842 and 144, a PBS site starting at 

nucleotide 145 of the sequence given in Figure 1 A, and a packaging 
sequence included in the sequence of 250 nucleotides following the 
end of the LTR sequence, said control sequence being capable of 
controlling the cloning and/or expression and/or transfer of the 
2 0 exogenous sequence whatever its transcriptional orientation with 
respect to the transcriptional orientation of the virus. 

According to another embodiment of the invention, the 
recombinant vector is characterized in that it comprises a control 
sequence contained in a fragment situated approximately between 

2 5 nucleodde 7702 of the sequence in Figure 1 A and nucleotide 310 of 

the sequence shown in Figure I D said control sequence having a 5' 
LTR sequence included between nucleotides 7842 and 144 of Figure 
1 A. a PBS site starting at nucleotide 145 of Figure I A, a packaging 
sequence comprised in the sequence of 250 nucleotides following the 

3 0 end of the 5' LTR sequence, and a 3* LTR sequence included betw een 

nucleotide 7842 of the sequence given in Figure IC and nucleotide 
144 of the sequence given in Figure ID. said control sequence being 
capable of controlling the cloning and/or expression and/or transfer of 
the exogenous sequence whatever its transcriptional orientation with 
3 5 respect to the transcriptional orientation of the virus. 



It will be appreciated that according to the first embodiment. 
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said fragment corresponds to a Cla I-Pvull fragmcnl ofFBIO strain 
virus, and according to the second embodiment, said fragment 
corresponds to a Cla I-BamU 1 fragment of F*B29 strain virus. 

The abovementioned C'laK PvuII and BamHI sites originated in 
5 the FB29 strain virus. The BaniH 1 site refers to that which is located 
at approximately nucleotide 3 1 0 of Figure 1 D. 

It should be noted that during construction of of the retroviral 
vectors or vectors destined for the production of packaging lines, 
these sites may be modified and in particular replaced, optionally 
10 creating distinct enzymatic cleavage sites. 

As is readily seen in Figure 1, the LTR sequence is duplicated, 
such that the 5* LTR is situated approximately between nucleotide 
7842 and nucleotide 144 of the sequence shown in Figure 1 A, and the 
3* LTR is situated approximately between nucleotide 7842 of the 
15 sequence shown in Figure IC, and nucleotide 144 of the sequence 
shown in Figure 1 D. 

A vector comprising the Clal-Pvull fragment, such as 
according to the first embodiment, therefore includes the 5' LTR. 

A vector comprising the Clal- Bam HI fragment such as 
2 0 according to the second embodiment, thus contains two LTR 

sequences, 5' LTR and 3' LTR having the same viral origin. This 
vector may be modified by deletion of all or part of the viral envelope 
sequence present upstream and/or downstream from the sequences 5' 
LTR and 3' LTR. A vector of this type is for example pFOCH29-PL 

2 5 described in Figure 7. 

These LTR sequences may be separated in the vector by the 
presence of the gag sequence referred to above and/or by the 
exogenous nucleotide sequence which it is desired to transfer, clone 
or express. 

3 0 According to an attractive embodiment of the invention, the 

recombinant vector is characterized in that it consists of the fragment 
situated between nucleotide 7702 of the sequence shown in Figure 
1 A, and nucleotide 1527 of the sequence shown in l-igure IC*. 

Another preferred retroviral vector consists of the fragment 
3 5 situated between nucleotide 7702 of the sequence siunvn ni F igure 1 A 
and nucleotide 310 of the sequence shown in Figure I L). 

A retroviral vector of the invention can be used for therapeutic 



or diagnostic purposes in order to introduce into the patient a 
nucleotide sequence of clinical importance. The vector of the 
invention in fact exhibits the properties of efficiency and safety 
required for this application 

Advantageously, the control of cloning, expression or transfer 
of the exogenous sequence is achieved according to the invention, 
irrespective of the transcriptional orientation of this sequence with 
respect to the transcriptional orientation of the virus. 

An exogenous nucleotide sequence according to the invention 
is a nucleotide sequence which is not naturally contained in the 
genetic material constituting the vector and, in particular, in the 
sequences necessary for the control of the expression, cloning or 
transfer. It may be a natural or synthetic sequence, in particular a 
hybrid sequence. 



By the expression "transfer of an exogenous nucleotide 
sequence*' is meant the incorjwration of a sequence borne by the 
vector into the genome or sateUite of this latter of a cell transformed 
by this vector. Such a transfer may be the result of rcombination, in 
particular homologous recombination. 

The vector of the inventim may thus allow the pemnanent 
expression in the genome of a target cell of a sequence of exogenous 
nucleotides selected for its property of integration into the genome 
of the target cells. 

According to an attractive embodiment of the invention, the 
exogenous sequence and the sequence contained in the Clal- Pvu ll 
fragment or in the Clal- Bam HI fragment or in one of these 
fragments according to the above description are inserted in a 
piasmid, for example in the plasmid Pud 9, plasmid PucIS or any 
other suitable plasmid. 

Preferably the recombinant vector additionally comprises a 
part of the gag sequence situated between the nucleotides 619 and 
2245 of the sequence shown in Figure 5, in particular the sequence 
included between nucleotides 619 and 1527 of the sequence shown 
in Figure 5. 

The presence of a fragment or all of the gag sequence may 
contribute to the stabilization of the vector obtained. The gag 
sequence codes for the nucleoproteins of the Friend virus and 
increases the packaging efficiency, at least in its proximal part. 

However, it may be useful to limit the part of the gag 
sequence present in the vector of the invention as a function of the 
size of the exogenous sequence introduced into the vector in order 
to obtain a higher infective viral titer and to diminish the 
production of viral proteins and the risk of generating replication- 
competent viruses. Preferably, the part of the gag sequence present 
in the vector should be less than about 2/3 of the normal gag 
sequence. Advantageously, the conserved gag sequence is the part 
of this sequence implicated in the packaging step of the retroviral 
\ ector obtamed. 

A useful vector of the invention is characleri/ed in that it 
essentially lacks the viral sequences poi and or cnv . 

On the other hand, the pol and gag sequences of the I B29 
strain as shown in Figure 5 may be conserved downstream from the 



LTR for the production ot packaging lines (see Figure 23 as an 
example). 

The expression of the pol and gag sequences can be controlled 
by a promoter distinct from the viral LTR which is then deleted. 
5 The object of the invention is thus constructions such as 

described above comprising said control sequence contained in the 
Clal-PvuII fragment previously mentioned and comprising in 
addition the gag and j^ol sequences or a part of these sequences 
sufficient for the production of packaging lines. 
10 These lines may be used to package the retroviral vector of ifie 

invention. 

A vector comprising both the Clal-PvuII fragment (which 
bears a unique LTR sequence) and the gag and j2ol sequences or a 
part of these sequences may in particular be used in the context of 
15 the preparation of packaging lines for ex vivo or in vivo gene 
transfers, the said gene being represented by the exogenous 
nucleotide sequence 

When a part of the env viral sequence is present in the vector 
it remains insufficient to allow recombinations likely to produce 
2 0 replication-competent viruses. ^ . 

A useful vector of the invention lacking the envelope sequence 
consists of the fragment comprising nucleotides 7806 to 1527 of the 
sequence shown in Figure 1 A, B and C. 

The invention also relates to a recombinant vector 

2 5 characterized in that said control sequence contained in said fragment 

is replaced by a sequence hybridizing under conditions of high 
stringency with said control sequence or is replaced by a sequence 
having a nucleotide homology of at leas! 95" o with said control 
sequence or of at least 85^*0 with the control sequence. 

3 0 Hybridization is performed in the same hybruli/alion media 

as those described in the experimental part by adding, how e\ er. 
two rinsings for 10 min at (>5 C in a Ix SSC\ 0.1 SDS medium as 
well as 2 rinsings for 10 mm at (>5 C in a O 1 \ SSC\ 0 1 SDS medium 



The ncmendature of the nudeotldes is given abcve by 
referencE to the numbenng cT the nudeotldes cf the viral sequence 

shown in Figure 1. 

Optionally, one the two LTR sequences previously defined 
starting from the sequence of the F-MuLV virus (strain FB29 of the 
Friend virus) may be replaced by a LTR sequence derived from 
another virus, for example from the Moloney murine leukemia 
virus (Mo-MuLV). 

Similarly, the recombinant vector of the invention may also 
contain other retrc^iral sequences than those which have been 
described above; either derived frcm the same F-MuLV virus whose 
sequence is given in Figure 5, or derived from another virus. 

The otject of the invention is also a recombinant vector 
characterized in that it contains in addition at least one poiylinker 
possessing uniques restriction sites with reqsect to the sites 
contained in the vector. 

Such an adaptor, preferably with multiple sites (poiylinker). 
permits in particular the insertion of one or more exogenous 
sequences whose transfer, doning or expressicn is desired. 

A perticulariy useful vector is the vector diaracterized in that 
it is the plasmid pFOCH29 deposited under the designation 
pFOCH29-S(3Sl in a strain of E. ooli SCSI with the CN.CM.on 30 
June 1993 under Na 1-1326. 

The strain E. cbli SCSI is marketed by the STRATAGENE 
Corp company. 

A vector of the invention may also contain a marker gene or 
part of a marker gene such as for example the gene for neomycin 
resistance The presence of a marker gene facilitates in particular the 
detection of the presence of the vector in recombinant cells 

The object of the invention is also a recombinant vector 
complying with the foregcing spedfications in which the U3 region 
of the LTR is ddeted at least in part such that the transcriptional 
sequences in particular tiie promoter and/ or enhancer contained in 
U3 is (are) at least in part inactivated or modified. 

In this case, the vector is cz^able of autoactivaticn or is a SIN 
vector ("self inactivating vedor"). A SIN vedor thus ccnstruded 
allows the expression of the exogenous sequence which it contains 
...1 ^-^^^ ;o T-tiarxaH imripr »h*» nrritrnJ frf a so-called "internal 



promcter", vqral or ncin-viral in nature, optionally the prcmoter of 
this sequence, or a prcnncter such as the prcmoter cf the EGF 
(epidermal growih factcr) receptcr or the ubiquitous PGK promoter 
of p^osphoglycerate kinase 

The advantage axisists in improving safety (non propagation 
and diminution of the nsk of activation of naghbounng sequences) 
.Another advantage is to profit from the integration mediated by the 
retroviruses but to specify or target transcripticn by the internal 
promoter. 

Similarly. the'U5 sequence, even if necessar>' the sequence R. 
may be deleted at least in part. 

This deletion may be performed at the unique LTR sequence 
present in the vector or optionally at each LTR sequence of this 
vector. 

However, this leads most often to a diminution of the viral 
parti de titer, even to the absence of integration into the genome of 
the target cell (if U5 deleted). 

According to another embodiment cf the invention, the 
exogenous nucleotide sec;jence is under the control cf an 
exogenous (or internal) promoter. 

By "exogenous promoter" is meant a promoter which is not 
naturally present in the vector. Such a promoter may be the natural 
promoter of the ecpgenous sequence It may be a constitotive 
promoter or an inducible promoter. 

A previously defined recombinant vector is preferably 
introduced into a packaging line for example by transfection or 
electroporatioTL This transfection allows the constitution of viral 
partides intrinsic to the production cf recombnations l^y 
transduction in target cells for the purpose of doning transf e: or 
expression of the exogenous nudeotide sequence contained in the 
vector. 

Thusy a particularly useful vector may be transfected into the 
psi-CRIP line 

It is also possible to have recourse to the packaging line psi- 
CRE or to any other line prc^^ided that it does not lead to 
recombinations likdy to give nse to the producticn of wildtype 
viral partides from the proviral DNA contained in the vector. 



Acccrding to another embodiment cf the invention, the 
recombinant vector may be introduced into liposomes or into a 
macromolecular oorrplex (Monsigny M et al. M/S 1993). 

The F-MuMV vector may be used to produce such packaging 
lines according to the procedure illustrated In McLachlin JR et al., 
1990. Sudn a line may be ccnstructed from sequences the gag, env 
and genes, the packaging sequence being deleted and at least 
cne of the gag, or env sequences bearing a point mutation which 
does not adversdy affect the resulting protein. 

The vectors c^ *he invention may contain one or more 
exogenous sequences. These sequences may be inserted outside the 
Qal- Bam HI or BamHI-fiamHI fragments as was seen abo^e or, on 
the contrary, may be inserted within these fragments and in 
particular in their LTR sequence 

These vectors may also contain cell targeting elements to 
orient the integration of the vector in specific cells 

Advantageously, on infection of the target cdlsi, the retroviral 
vector constructions according to the invention lead to a viral titer 
equal to or higher than 104 pfu/ml evaluated when the exogenous 
nucleotide sequence coding for the neomydn gene is inserted into 
this vector. 

This vector may have very diverse \ises and in particular these 
vectors may be used fcr the doning, expression and /or transfer cf 
nucleotide sequences having clinical (therapeutic or diagnostic) 
impcjrtance. 

Thus it is possible to use the vectors of the invention fcr the 
transfer into cells, for example somatic cells, of genes for therapeutic 
purposes whatever the disorderfs) or disease(s) concerned. 

The therapeutically important sequences referred to here are 
for example sequences corresponding to the normal equivalent of a 
non-functional gene in the case of a given disease or also of an 
antisense sequence or a dominant negative mutant of a given gene 
or a sequence coding for a functional inhibitor of a gene or the use 
cf a marker gene 

The vector of the invention is thus appropriate for the gene 
therapy of cancer by application of gene correction techniques or 
improvement of the strategies for the destruction of tumor cells. 
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correct ccnstituticnal mutations in the case of hereditary 
predisposition to cancer, abnormalities cf the signal transduction 
like the pathways mediated by the ras oncogene and its 
homcJogues, enhancer abnormalities of oncogenes, inhibitory 
abnormalities cf tumor suppressor genes, abnormalities promoting 
genetic instability, abnormalities affecting DNA repair. 

According to the secrmd approach the vector may be used to 
activate prodrugs as in the case of the thymidine kinase gene of the 
herpes virus which converts Ganddcvir cr Acyclovir into cytatcudc 
drugs, or the cytosine deaminase gene whidi converts a precursor 
of 5-fluorouradl into an active drug, or to induce or stimulate the 
immune system by manipulation of tumor cells with for example 
cytokine genes, by manipulaticn of antigen-presenting cells or their 
precursors (hematcpcietic stem cdls) or by manipulaticn of the 
immunity effector cells, T cdls, B cells, LAK, TILs 

When the correction of genetic diseases and anemias is 
involved, the invention can for exanple be applied to the correction 
of inborn errors of metabolism, hemoglobin diseases such as 
thalassemias or sickle cell anemia diseases of hemostasis and 
coagulation, hereditary diseases of demyelination or myopathies 

The vectors of the inventicn are also suitable for vaccinating 
patients against pathological agents, either permanently or 
transiently. 

The transfer may be achived by transduction into cdls, tissues^ 
organs or organisms 

According to another embodiment of the invention, the 
exogenous nucleotide sequence codes for anantigen or an antigenic 
determinant 

A vector containing such an antigenic determinant should be 
used as permanent cr transient vacdne or optionally in the context 
of a therapeutic protocol for example to prcvoke an immune 
re^onse. 

As an ©cample, sequences of HIV retrcviral antigens may be 
incorporated into the vector of the inventicn. 

In this connecticn. the retroviral vector of the inventicn may 
be used for intracellular immunization by using transdorrdnant 
mutants of CD4, Tat, Rev, Gpl20, decoys with excessive synthesis of 



regulatory proteins sudi as TAR, ^edfic riboeymes of viral 
sequences or antisense gferiss 

This same procedure may be used to treat other retrc^^ral 
infections. 

The ocqgenous nucleotide sequence previously menticned 
may be a sequence of genomic DNA or a cDNA sequence or also an 
RNA sequence 

Similarly, this sequence may be natural or synthetic 

The object of the inventicn is also a eulcaryotic or prokaiyotic 
recombinant cdl chcractehzed in that it is modified by a 
recombinant vector of the invention. Advantageously, it is a ceil cf a 
species not bearing an endogenous retrovirus. 

Such a cell is advantageously a mammalian cell, in particular a 
human cell. 

Similarly, it is either a totally differentiated cell or a cdl of the 
precursor type. For Lxample; the vector cf the invention is 
particularly suitaUe for the modification of hematopoietic cells and 
also hematopoietic cell precursors or of a ceil of a lymphomyeloid 
totipotent strain. 

Moreover, glial or neuronal nerve cells may also be modified 
hy the vector of the inventicn. 

Other ceils may be modified by the vectors of the invention for 
example T or B lymphocytesv or other mediators cf cell inrmunity, 
tumor cdlSk medullary strcma, endothelial cr mesenchymatous 
cells. 

The recombinant vector according to the invention may also 
be used to modify fibroblasts^ cutaneous ceils, hepatic odls or 
musde odls. 

Other cellular targets may be transformed by the vector of the 
invention. Mention should be made of epithelial cells, for example 
of the mammary or vesicular epithelium, tumor odls^ accessory ceils 
of the nervous system such as precursors of oligodendrocytes cr 
Schwann ceils 

it is also possible to modify cell lines such as lines cf 
JURKATT T lymphocytes, NK cell lines such as Yr2C2, lines of 
monocytes-macrophages (for example U937) or erythro- 
megakaryocyte lines (for example K562). 
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Other characteristics, snd advantages of the invention will 
teccme apparent in the examples and Rgures which fdlow. 

Figure 1 : Sequence of viral DNA used fcr the construction of the 
vector FOCH29. 

Rgure 2 : A : Restriction map of the vector FOCH29. 

References Seq ••FB29" 

Qa — > U3 140 (7702-7845) 

U3 — > R 410 (7845-8255) 

R ~> CBS 145 (0-145) 

PvuII > BamHI 208 

PvuII — > PvuII 1098 

PvuIIMT — > PvuII 1669 

BsmAI — > 55/150/ 765/1766/2531/2684 



B : Restrictiai map of FOZH 29 in the whidi the sites are 
indicated using the nurhbering of the FB 29 sequence shewn in 
figure 1 and with the numbering intrinsic to the construction thus 
achieved (numbers in parentheses). 

Figure 3 : Restriction mzp of the vector FOCH29-NeQ The neo gene 
was doned into the pdylinker. The enzymes whidi can be used in 
the polylinker are Xba, Sal, SphI 
Cuts : - Bglll 2070 
5300 
- Bam 1392 
1500 
4456 
-Sal/Bgin 300 
2070 
5000 

Figure 4 : Restriction map of the plasmid pUC19 
Fijjure 5 : Sequence cf F-MuLV 
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Figures 6 to 24 : Restriction maps of the ocnstructicns produced 
frcm the retrcviral vector FOCH29 

Examplg? 

PRFPARATIQN OF THE RETROVIRAL VECTOR 
MATERIALS AND METHODS 

1 - Source of the viral g enomic material 

The genomic DNA cf the prcvirxis was dcned in pBR322 
(Sitbon et al., 1986). After replacement of the Qa l site at 7702 of the 
viral sequence by a £sqRI sltev the EcoRI- Pvu II fragment cf 2110 
base pairs (bp) containing all of the viral Long Terminal Repeat 
(LTR) was subdoned at theE^RI and Smal sites of the polylinker 
of pUC19. 

2 - Construction of the retroviral vect or FOCH29 

The Hindlll site of tfie polylinker of pUC19 containing the 
EsqRI-EvuII fragment was replaced by a Bglll site; after opening by 
iiindlll, filling in with the long fragment of E. ooli DNA polymerase 
(Klencw fragment) and ligation with a figlll adaptor not recreating 
the liindlll site; the figin site was introduced to receive a Bam HI- 
BamHI fragment of 865 bp containing a second copy of the native 
LTR of the Friend virus destined to ccnstitute the downstream LTR 
(or 3' LTR). This BamHI- Bam HI fragment was isolated by replacing 
theEcQRI site of pUC19 by a Bam HI site upstream by means of a 
linker not recreating the EcqRI site after filling in of the ends by the 
Klenow fragment of the DNA polymerase; the Bam HI site 
downstream is endogenous to the viral sequence 

This fragment was thus introduced by ligation with the 
backbone (pUC19) whose opening by figlll made it pcBsible to 
combine the cohesive ends with the ends generated by BamHL The 
resulting plasmid is called pFOCH29. 



3 - Intrcxduction of a mar ker gene 



The B g lll- Bam HI cDNA fragment (1500 bp) cf the gene fcr 
neomycin resistance derived from the retrotranspcBcn Tn5 (NeoR) 
was introduced between the two viral LTRs after ligation o^ the 
three fragments : pUC19-5' LTR BglD, NeoR Bglll-BamHI and 3' 
LTR BamHI-BamHL The resulting plasmid is called pFOCH29-NeQ 

4 - Transfection of packaging lines psi-CRIP and infection of 
fibroblasts 

The plasmid pFOCH29-Neo was introduced into the 
amphuli upic packaging line psi-CRIP described by Danos et al. 
(1988) by transfecticn using calcium pho^hate precipitation 
according to the standard procedure without DNA carrier; 10 
micrograms d plasmid were deposited cn a culture dish 35 mm in 
diameter on which 5 x lO^ cells were seeded the day before 

The psi-Crip cells were grcwn in Dulbecoo's modified Eagle's 
medium (DMEM Gibco-BRL) supplemented with 10% newborn 
calf serum (Hydone). Two days after transfecticn the cdls were 
trypsinized, diluted 1/20 and subjected to sdectici in ihe presence 
of genetidn at a final ocncentration cf 1 milligram (mg) per milliliter 
(ml) of culture medium The colcnies which appeared after 12 days 
were selected and reirrplanted on 24-weIl culture dishes at a 
concentraticn cf cne done per well. 

The cell culture supernatant cf a well which had readied 
ccnfluence was taken, filtered through a 0.45 jjjtx filter to remove 
cells in su^^ension and used toinfed mouse fibrcbiasts (NIH3T3) 
seeded identically cn 24-welI culture plates in the presence of 
pdybrene at a concentraticn cf 8 pg/ml. The NIH3T3 were grown 
in DMEM supplemented with 10% fetal calf sen.jm (FCSV Viral 
integration was analysed by FCR cn a lysate cf N1H3T3 which had 
reached confluence 

5 - F dvmerase chain reaction fPCR) 

The lysate supernatant cf the ccnfluent NIH3T3 in a well cf 
the 24-well culture plate was recovered in 100 ul. 10 ul which 



were used in the PCR reaction, which is carried cut in the foilcxving 
buffer : lOX standard PCR buffer induding 25 mM of MgQz 
(Perkin-Elmer/ Roche MS); 100 nanograms (ng) of each primer 2j^l 
of dNTPs 10 mM (equimoiar mixture of each dNTP at an initial 
concentration of 10 mM i ei 2.5 mM of eadi); 2 units of doned Taq 
polymerase (Perkin- Elmer /Rodie MS) for 40 cydes, a single unit for 
25 cydes; in a fined volume cf 50 pi. 

Two pairs of primers were used. 

The oiigonudeotide sequences used are : 
1*) - for the first r air : 

5' CrGCTGACGGGAGAAGAAAAAC-3' 5' CCCGCTCAGAAGAACTCCTC-S* 

2*) - for the second pair : 

5' GACGAGTTCrrCTGAGCGGG-y 5" GATCTGAACTTCrCTATTCTTG-3' 

The size of the arr^ified sequences is in the case of the first 
pair , end-gag/ two thirds prcccimal NeoR gene : 900 bp; and for the 
second pair, one third distal NeoR gene/proodmal half erf 3 ' LTR : 
610 bp. 

Denaturaticm 5 min at WQ 40 cydes on GeneAnpPCR 9600 
with denaturation 30" at 94*Q annealing 15" at 55*C and elcngaticn 
30" at 72* Q fc^lowed hy a terminal elongaticn fitep of 10 man. 

The samples (ISful out of 50 pi) were depcasited on a 1.2% 
agarose gd (Seakeirv FMQ and were subjected to horizcntal 
electrophoresis fear 45 man at 80 vdts; the detecticn erf the signal 
based on the analysis erf the intensity of ethidium brcmide (BET) 
fluorescence. 

6 - Determination of t he infective titers 

Each of the dcanes tested for its capadty to infect NIH3T3 was 
amplified and optionally frceen pric3r to the analysis erf the 
effidency of inf ecticsn by PCR 

After PCR twoprindpal dcxtes were selected and arrqslified in 
crder to infect NIH3T3 aoccrciing to a standard prcxedure 

1 ml erf 16 hcxirs culture supernatant was taken at ccnfluence 
from each prcdudng dene on a dish 35 mm in diameter, filtered 
thrcxigh a 0.45 pm filter in crder to remcve prcxiuctive cells in 
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suspension. The supernatant was placed in cxxitact with NIH3T3 
cdls at 50% ccnfluenoe on culture dishes of the same diameter (35 
mm) in the presence of pdybrene at a concentraticn of 8 lig/ml of 
medium The odls were incubated for about 2h30 at 37*C the 
medium was shaken every half hour. Three volumes of fresh 
medium were added after 2h30. 

INFECT IVE VIRAL TITERS 

Successive dilutions of the primary supernatant were used to 
infect NIH3T3 odls; undiluted supernatant and supematant at 
dilutions 1/10. 1/1000 and 1/100000. Two days after infection the 
cells were trypsinized , subcultured at about 1 /20 on three culture 
dishes 100 mm in diameter and placed under selection by the 
addition of genetidn (1 mg/ml) to the supematant 

This experimental procedure was made more stringent in the 
sense that : on the one hand, the drug was added very quickly after 
the infection; and, on the other, the direct placing in sdecticn 
without trysinizatian of the cells jsrevents the artifidal 
multiplication d the number of resulting colonies; the daughter 
cells derived from an infected cell remained grouped together and 
formed only cne colony in situ . Conversely, when the cells are 
trypsinized, the daughter cdls spread on the recipient culture dish 
and form artificially independent colonies which, if they are 
counted, artificially multiply the titer. 

SOUTHERN BLOT 

Two days after infection by the undiluted supematant the 
NIH3T3 were trypsinized, subcultured at about 1/20 on three 
culture dishes 100 mm in diameter, one of which is subjected to 
selection by geneticin. 

At confluence, the genomic DNA of the infected cells for each 
of the two denes after or without sdecticn is extraded then 
quantified. 

The DNA was digested by two restriction enzymes^ PstI and 
Kpnl, in order to carry out a Southern blol. After control of the 



cf DNAin eac±i well, the transfer was carried out cn a nylon 
Hybond N membrane (Amersham). Hybridizaticn was performed 
with a probe which induded all d the viral LTR sequences flanked 
ty 100 bases upstream and 100 bases downstream The probe was 
labelled by primer extension (Feinberg and Vogdstein. 1983. 1984) 
with alpha-32p labelled dCTP erf specific activity cf 5 x 10^ cpm/pg. 

The hybridizaticn was carried out in a medium consisting of : 
50% deionized formamide; 5 x SSEP; 1 x Denhardfs; 5% dextran 
sulfate and 0.2 mg/ml cf sonicated salmon DNA for 20 hours at 
42' C Brief rinsings were carried out in a sduticn of low stringency : 
2 x SSEP/ 0.1 %SDS. 5 rrrin at room temperature and 10 man at 65^C 
followed by exposure for 3 days to Kodak -XAR-5 films at -80* C 
with LI-Plus intensifying screens (Dupont-NEN). 

7 - Seardi for the prod uction of hdper virus 

This seardn was carried out by a mobilization test on 3T3BAG 
lines (Danes et al., 1988; Danos, 1991). 

The 3T3BAG cells were initially infected by the undiluted 
supernatant of infected packaging lines Several successive cydes of 
infection of unexposed 3T3BAG with the supernatant of previously 
infected 3T3BAG were carried out to sensitize the test 



KESULIS 

1 - Construction of the retroviral vector FOCH29 

The viral strain FB29 of the Rriend murine leukemia virus was 
isolated (Mathieu-Mahul et al., 1982) and the genomic DNA of the 
integrated prcvirus was doned in pBR322 (Sitbon et al.. 1986). This 
genomic DNA has been completely sequenced (Penyman et al., 
1991). The genomic fragment Qal-PvuII of 2120 bp was dcned in 
pBR322. This fragment contains the last nudeotides of the sequence 
coding for the pl5E of the viral envelope, all of the Long Terminal 
Repeat (or LTR) and 3/5 of the gag sequence It constitutes the 
matrix of the architecture of the vector. 



After replacement of the Q^l site by a £cqRI site the £^RI- 
Pyu II fragment was subdoned in the Efi?RI-Sm3l of the pdylinker 
of pUC19. This done was, en the one hand, k^t intact to form the 
basic architecture cf the vector induding : the upstream LTR cr 5' 
LTR, the binding site for the initiator of viral transcriptian (primer 
binding site or PBS), the padcaging sequence; the gag sequences and 
the segment of the polylinker of pUC19 treated by £e3RI/SmsI 
digestion; destined for the inserticn of the genes of interest 

On the other hand, a BamHI-JSamHI fragment was derived by 
repladng upstream the £saRI site by a £amHI site; and by taking 
advantage downstream cf the endqgencus Bam HI site of the virus, 
situated immediately dcwnstream from the dcncr splice site This 
fragment was introduced into the basic framework of whidi the 
Hindlll site of the polylinker has been replaced beforehand by a 
£glll site generating ends cohesive with those generated by the 
£aroHI enzyme 

The marker gene derived frcm the retrotransposon Tn5 which 
confers resistance to necmydn (NeoR) was introduced between the 
two LTRs After transformation on a strain cf superccmpetent 
bacteria of dominant negative reoombinase phenotype in crder to 
prevent possible recrganizaHon of the sequences present, the 
transf omants of the eoq^ected configuration were selecfed cn the 
basis of the extended restriction map exploring all cf the 
construction. One of thena designated pFOC:H29, was then 
amplified and purified in crder to have available an adequate 
source of material destined for the transfecticn cf hdper lines 
produdng viral parti des. 

2 - Isdation cf producer denes nf defective vin i«f 

Transfecticn cf psi-CRIP packaging lines : the plasmid 
pFOCH29-Neo was introduced in to the amphotrcpic packaging 
line psi-CRIP described by Danos et al. (1988) by transfecticn using 
caldum phosphate predpitation according to the standard 
procedure without carrier DNA 

After subjection to selection tjy genetidn. 40 of the ccionies 
farmed were taken and the culture supernatant was used to infect 
mouse fibroblasts (NIH3T3). The primary sdecticn process cf a 



senes ct the mcst highly productive denes of padcaged defective 
viral partides was based on the use of the gene anrplificaticn 
procedure by means cf the polymerase diain reactiGn. The viral 
integration is analysed by PCR on a lysate of NIH3T3 which had 
reached confluence 

Two distinct PCR primer couples were used : 1* a first couple 
amplifying the terminal segment cf the gag sequences induded in 
the construction and the prcximal two thirds of the gene for 
necmydn resistance ; 2* a second primer couple amplifying the 
distal third of the ^ene for neomydn resistance and the half of 

the downstream LTR ( 3 * ) . 

Four denes were selected cn the basis cf a more intense PCR 
signal than the other 36; r^Detiticn the procedure confirmed the 
initial data indicating that for two denes the signal was emitted 
markedly mere intensely. These two denes were amplified and the 
culture supernatant cf the producer odls was then used to infed 
NIH3T3 ona larger scale for the purpose of evaluating the effidency 
of the construction in quantitative terms. 

3 - Evaluaticn of the producer denes 

Quantitative PCR 

A semi -quantitative analysis by PCR was performed by using 
the primer ccuple amplifying the region corresponding to the distal 
third of the NeoR gene up to the median part cf the downstream 
LTR (3* LTR). For each dene 1 pg and 3 pg cf genomic DNA 
extraded frcm NIH3T3 cdls infeded by an undiluted supernatant 
after or without sdecticn by neemydn were used. Each assay was 
perfonned in duplicate Several diluticns of the plasrrdd pFOCH29- 
Neo were tested in parallel calculated such that they correspond to 
0.1, 0.5 and 1 copy cf transgene for the equivalent cf 1 pg cf 
genomic DNA i e 0.115 pg, 0.575 pg and 1.15 pg resjDectively fcr a 
plasmid cf 7164 bp. 

The PCR was carried out fcr 24 cydes^ which still corre^xnds 
to an exponential phase cf the reaction. The reading was perf crmed 
by computerized densitometric analysis (Cybertech) cf ethidium 



In the case of the first done a significant differenoe was 
observed between the intensity of the signal obtained from selected 
and non-selected infected cdls; more dear-cut on the samples of 
1 Mg (70% d the signal with respect to the selected) than cn these cf 
3 Mg for which the detection system was saturated by the intensity 
d the signal. 

In the case of the second done^ there is no difference in 
intensity of the signal between sdected and non-selected cells> 
neither for the 1 ^ig samples net the 3 jug samples This suggests that 
a percentage of the NIH3T3 cells dose to 100% had been infected by 
the undiluted supematant of this produdng done The high degree 
of infectivity of this done was moreover suspected ty the 
observation of an absence cf cell mortality when the NIH3T3 
infected with the culture supematant were subjected to select! cn by 
neomydn. 

Southern Blot 

The DNA of the infected NIH3T3 cells was subjected to 
hydrolysis by two restriction enzymes : Kpnl and Pstl. The ocpected 
size of the bands after viral integration varies dqjending on the 
probes used. In the case of the enzyme I^I whi* cuts within the 
LTRs and in the middle of the poiylinker of pUC19, a LTR probe 
reveals a ocnstant fragment size cf 3610 bp and two fragments cf 
variable size depending on the prodmity of the endogenous 
genomic Kpnl sites to the integration site; a probe derived hy PGR 
with the primers distal third NeoR/proamal LTR segment, a 
fragmait of the same size (3610 bp) is expected and only one of the 
two other fragments variable from one integration to another. 

In the case of the enzyme P^I which cuts twice in the median 
part of gag and once in the poiylinker of pUa9, after integration 
the fragments identified hy the fomier two probes should be cf 
variable siz^ a probe generated by PGR from the second primer 
couple identifies a constant fragment of 790 bases. 

Several dilutions of the plasmid pFOC:H29-Neo digested by 
Kpnl and Zsil were analysed cn Southern blot; these dilutions 
correspond to 0.1, 0.5 and 1.0 ccpies of plasmid respectivdy, fcr 10 
ue of genomic DNA 



Furthermore the DNA c( the infected cells not selected by 
neomydn was systematically placEd side by side in order to 
quantify the infectivity of the construction; the cdls which had 
undergone sdecticn constituted an infection contrd d 100%. 

Titration : Infective viral titers by viral dilutions 

Successive dilutions of the primary supernatant were used to 
infect NIH3T3; undiluted supernatant supernatant diluted 1/10, 
1/1000 and 1 / 1 0000^. The cdls are infected by a viral supernatant 
in the propcrtion c( 0.5 ml per wdl 35 mm in diameter : the 
selection drug is added predsdy 20 hours after infection directly cn 
to the culture dish without trypsinization the cdls The infective 
titer selected ccrre^xnds to the number erf colonies observed for the 
last dilution at which colonies appear , multiplied by the inverse 

of this dilution. 

In the case of the first dene the titer cf inital producer cdls is 
2 X 10^ pfu/ml. In the case of the second dene the titer is 10^ 
pfu/ml. 

The two producer dones were frozen normally in order to 
conserve initial passages cn the one hand; and on the other, 
maintained in ocntinuous culture for several months The successive 
titrations (dilutions d the viral supernatant) made it possible to 
identify a progressive diminiition of the titers in the case of the first 
done; the titer passed from more than 2 x 10^ to only 10^ in the 
interval d two months continuous culture; this drastic fall in the 
titer was acconjaanied by a diange in the growth of the odls in 
cultiire with a concentric appearance and ease of detachment In the 
case of the second done; the titer passed from more than 10^ to 105 
in an interval of two months* of continuous culture, to diminish to 
103 -104 after three and a half months; this moderate fall in the titer 
was not accompanied by any diange in the morphdogy or growth 
of the cdls in culture 



4 - Hglper activity assay on 3T3 BAG 



This researc±i was conducted by the mobihzation test on 3T3 
BAG lines (Danos et al.. 1988; Etenos^ 1991 ) . 

The 3T3 BAG cells were infected initially by the undiluted 
supernatant of infected packaging lines Several successive cycles of 
infection cf unexposed 3T3 BAG with the supernatant of previously 
infected 3T3 K\G were carried out to sensitize the assay, which 
proved to be negative Furthermore colonies cf cells resistant to 
necmydn could not be detected after placing the unexposed 
NIH3T3 in contact with the supernatant of infected NIH3T3 selected 
by necmydn. 

5) INTEGRATION SITES 

Human and non-human primate cells were used to identify 
the number of integration sites of the virus after infecticn. The 
mouse cells prcvide indications of very nruDderate quality in as 
much as there exists in these cells a significant badcground 
assodated with multiple integrations of retroryiral cr retroviral-like 
sequences 

For this purposei monkey VERO cells were infected with 
several dilutions of viral supernatant. In the case of the dilution 
10-2, independent dones were obtained; eadi one having been 
initiated from a single profile of viral integration. The use cf a 
restriction enzyme which cuts within the viral ccnstructicn, on the 
one hand, and in the genomic DNA of the cell host at variable 
distances from the integration sites, on the other, made it possitie to 
obtain as many restriction fragments of variable size as there were 
integration events fri this casei the enzymes Xbal or Sail were used. 

6) ^ABILHY OF THE VIRAL TITERS - MAS TER BANK 
SYSTEM ■ 

A homogeneous stock of cdls produdng virus was ccnstituted 
and extensively controlled for the absence of viruses competent to 
replicate hy the follawing methods : 

- Mobilization test on 3T3 BAG cells 

- Amplification C3n NIH3T3 

- Intraperitoneal incxulation of newborn mice; 



in order to study a possibie in vivo pathogenesis 

Starting from this cdl bank ("Master Cdl Bank" MCB) a 
working cell bank was constituted. The viral titers obtained 
remained stable for several months and were of the order of 20 x 
106 to 3 X 10^ cfu/ml (the initial dilutions having been grown 
systenatically only at lO'^). Results were also obtained with an 
assay induding a dilution at 10-7 The titers are remarkabJy stable 
for several months at this level of intensity. 



DISCUSSION 

r Construction cf th^ virus 

The viral const^cticn was based on the principle 
conservation of critical sequences such as the PBS, the packaging 
sequence the donor c^lioe site and also cn the conservation of a 
Jong gSg segment, the maintenance of whidi contributes to the 
stabilization of the transcripts as other authors have shown 
(reviewed by McLadilin et al., 1989). 

Several other oonstructicns derived from the same retroviral 
skeleton have been produced previously; induding an -initial one in 
whidi the 3' LTR was flanked upstream and downstream by longer 
retroviral sequences and in which two pdylinkers d pUC19 and 
pUC18 were present Great instability and modest infectivity 
resulted from this configuration. 

A version similar to that of FOCH29 was constructed; similar 
in all points except for the insertion of a large sequence inducting 
the acc^tor ^lidng site of the "done 57" strain cf the Frimd virus 
(Sitbon et al.). The resulting plasmid was designated pFOCH29SA- 
Nea The infectivity of this a>nstruction proved to be less marked 
than with pFOCH29-NeQ Nonethdess this difference was only 
perceived on the data of the primary screening by PCR 



2^ Sgjectlo n of the prcxhioer donty 

The primary sdection of the producer denes by the procedure 
described in thp Rf^ilts «;pri-im P^rT-»1r^fe fKo r-i/nl^ 
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reaction; the conditions used limit the resolving power of the 
method to a threshold whidi corresponds approcimately to a 
minimal retroviral titer d 104 pfu/ml. The potential disadvantage 
of this procedure is linked to the not absolutely quantitative 
character of the PGR, in particular for forty amplificaticn cydes; 
ccnsequently, there is a not inappredaUe probability cf missing 
highly productive denes fri order to compensate in part f cr this 
disadvantage a primary sdecticn procedure based on two 
independent primer couples for PGR was adopted. 

3*^ Effiqgncv of the infecHcn and s tability of the vipT«f 

The use of two primer couples far PGR each generating 
amplimers of expected size also makes it possible to verify the 
absence of gross rearrangements of the viral genome after 
integration. within the segments analysed 

This elenr»ent is best checked by the Southern Hot which 
verifies the absence of msqcr rearrangements in the absence cf 
inadequate bands both in number and size ; as well as the absence 
of multiple integration events within the cells derived frcm the 
same done which would suggest the presence cf hdper virus. 

Rnally, the absence cf m^or rearrangenrents likdy to 
adversdy affect the construction is best appredated hy the 
functicnal assay; dennonstrating the acquisiticn of a phenotype 
resistant to neomydn after diromoscmal integraticn of the marker 
gene 

The efficacy cf the infection has been assessed here by means 
cf three essential parameters : V) the ccnventicnal viral titration 
whidi made it possible to demonstrate titers higher than cr equal to 
106 pfu/ml. ^ 

2*) the Southern blot ccmparing the intensity of the signal obtained 
after hybridization on a hydrdysate of 10 ng cf gencmic DNA 
derived from infeded cells without sdection and after selection by 
the drug to which the produd of the transduced gene confers 
resistance If theoretically calculated plasmid dilutions were added 



In fad, the plasmid dtluticns are such that a miner inaccuracy in 
handling may lead to the erroneous oondusicn of a significant 
difference. 

All cf these elements added to an experiment (3") of semi- 
quantitative PC R converge to indicate that the undiluted 
supernatant cf the second done infects the mouse fibroblasts with 
an efficacy dose to 100%. 

However, instability of the titers was observed with a rspid 
drastic loss in the case of the first done and a much more gradual 
diminution for the bes is phenomenon is a commonplace 
observation in the handling cf producer cdls which seem to lose 
their initial packaging capadties with successive passages. The 
initial production of large quantities of cells and their careful 
freezing makes it possible to ccmpensate for this disadvantage. 
Nonetheless the titer must be systematically and repeatedly 
checked. 

Furthermore, an arrphctropic producer line was selected. 
However, the initial transf ection of the ecotrcpic producer cells 
would have made possible the infection of amphotropic lines^ 
possibly repeated redprocally and repeatedly according to the 
"ping-pong" procedure (McLachlin JR) (by means of the supernatant 
filtered to prevent a possiUe mixing of the two cdl types); this latter 
might contribute not only to increasing the infectivity of the 
resulting producer cdls but also to stabilizing the retrcK^nral titers. 
However, it was observed that systematically helper viruses are 
produced and this method can not be used in animals or in the 
dinic 

The quite spedal efficacy of this construction deserves to the 
enphasized; all the more since the backtxrte of the FB29 strain of 
the Friend virus differs from that which was used to establish the 
packaging lines The safety of handling is still further improved 
since the risks of potential recombinations produdng replication- 
competent virus are further reduced. 

The introduction of a marker gene or any sense or antisense 
cDNA sequence or genomic DNA fragment of limited complexity 
(limited number of introns) of a size less than or equal to 7 kb from 
whidi will be derived a cDNA whose introns will be expdled in the 



targets may be achieved starting frcm the previcxidy described 
prcxsdure. 

In the case in which the preservation of intron sequences 
seems essential to the producticn of stable transcripts, the genomic 
fragment of a size less than or equal to 7 kb wall need to be 
introduced in a reverse transcriptional orientation with respect to 
viral transcription, at best by using a version of the construction in 
which the 3' LTR is deleted from the IB and in whidi the genomic 
fragment is placed under the transcripticnal dqaendence of a 
promoter and /or enhancer in the same orientation in order not to 
have competition between the sense transcripts dependent on the 
viral LTRs and antisense transcripts dependent on the added 
promoter. 

The introducticn of a ddetion of all cr part of the promoter or 
enhancer sequences of the U3 region of the 3' LTR offers guarantees 
of considerable safety after integration of the retrovirus In this case; 
the expression of the transgene will need to be placed under the 
dependence of an exogenous promoter and/or enhancer within the 
construction. 

4) - Inte gration sites 

The study of the number of integration sites of the virus after 
infection of primate cdls has prcvided very relevant information 
concerning the physiology cf the defective viruses with high 
infective titers and oonoeming the safety cf use of these viruses in 
therapeutic applications in man. 

B) ADDITIONAL RETROVIR AL CONSTRUCTIONf; 
Bl) GENERAL CONCEPTION AND VERSATILE USF 

D- SELF-INACTIVATING RETROVIRAL VECTOR (SIN); 
designation : FOCH29-ddU3 shown in Figure 6. 

In the light of the physiology of the replication of the genomic 
genetic material of the retroviruses^ the modifications intended to 
ddete the enhancer viral sequences of transcription were 
introduced at the 3' LTR viral reolication led at the level cf the 
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target ceil of the infection to an integrated provirus whose two LTRs 
were generated from sequences of the initially 3* LTR 

This deletion was hence made on the plasmid containing the 
BamHI-figlll fragment including the 3' LTR sequences The 
resulting BamHI-Bglll fragment shortened by 339 bases was excised 
and ligation with the plasmid containing the 5* LTR and the 
adjacent sequences was carried out according to the same procedure 
as for the basic vector. In fact, the enhancer sequences the 5* LTR 
were left untouched in cjrder that the viral transcripticn could occur 
and form "readthra'gh" transcriptions; infectious virus partides 
were thus formed at the level of the packaging line 

The construction design chosen leaves in place the TATAbcK 
but removes the CAAT box (Yu et al., 1986) by cutting using the 
enzyme BssHD (unique site at 8203 at the sequence of the native 
virus) which exdses the CAAT box; the protruding 5' cohesive ends 
generated by the enzyme BssHII are made liunt" by filling in using 
the Klencw fragment of the DNA polymerase I in the presence of 
deoxynu d eoti des. 

The restriction enzyme used upstream was : 

- either Espl (= iso-Cdll) at positicn 7864, situated 
immediately after the start of the inverted rqaeats (IR). The 
protruding 5' cohesive ends generated by the enzyme E^I were 
made "blunt" by filling in using the Klencw fragment of the DNA 
polymerase I in the presence of deoxynudeotides. 

- or EcoRV at position 7984 in the middle of the direct repeats 
which the cut intemipts; the ends generated by the enzyme EcoRV 
are blunt 

Since the ends upstream and downstream have both been 
made blunt, direct ligation was possible to dose up the 
construction, henceforth bearing a large deletion in the U3 regicn. 

The first version ddU3 (ddetion Espl at S'/Iso Celll at 3') was 
studied in functional terms : viral infection and integration and 
residual expression. The deletion created here has removed 
practically all of the U3 sequences of the virus This is ideal in terms 
of safety of the retroviral construction. 

We have been able to show that viral transcription was not 
adversdy affected in the padcaging lines by introdudngthe beta- 



ccnstmction In fact, the prcxiuoer cells took on a blue colcxir after 
transfection which ccnfirms not only the presence of the gene bcme 
by the retrcviral construction but also the eoqaression d this 
transgene. 

The viral integration was investigated by molecular methods, 
in particular by PCR using the fdlcwing primers : digo- SENSE 
situated in the beta-galactcsidase gene with the fdlcwing sequence : 
5' CG A CrC CTG GAG CCC GTC AGT ATC -3*; digo- 
ANTISENSE situated in the viral LTR, overlapping between R and 
the start d U5 (LTR-508) : 5' - CAG CGA GAG CAC GAG TCG GAT 
GC - 3' in a region which has been prepared by EspI/BssHII 
deletion. 

Alternative constructions consist for example of inactivating 
the viral enhancers as in the case d the ddetion with EcoRV, even 
d making shorter ddeticns leading to the retention fcy the virus of a 
bade ground transcripticnal activity in the target cells d the 
infection. On the other hand, a ddeticn remo^ng the TATA box in 
addition to the sequences described in the version called the first 
version d 1U3 r^esents an additional security device ; however, 
considerable reductions d titers may occur when such ccnstructions 
are formed (Yee et al., 1987). _ . 

SIN CONSTRUCTIONS WITH INTERNAL PROMOTERS 

An intemal prrmoler which can be used to create these 
constructions is for exanr^le the promder of the receptor fcr the 
EGF (^idermal Grcwth Factor) derived from the plasmid 
pERCAT2DE(c) (Maekawa et al. 1989) : only the prcmder 
sequences situated upstream between the nudeotides -2200 and -15 
(EcoRI-SstI fragment of Z2 kb) were selected. The enhancer 
sequences downstream contained in the plasmid pERCAT2DE(0 
were nd induded. Andher prcmder is the ubiquitous PGK 
promoter (pho^hpglycerate kinase). 

2) - DEHNITIONS OF THE EXISTING CONSTRUCTIONS 

2* - 1 A construction was made with a still more reduced LTO 
upstream from the 3' LTR in particular; designation FOGH29-PL 
ffor FOCH29 txjre LTRs) shown in Ficmre 7 



This Gonstructian made it pcssible to assess the advantage in 
terms of genetic stability of the exdsion of the 140 bases, including 
104 cf the end of the envdcpe upstream from the viral LTRs 

The oonstructicn was made from the plasnrud pUC19 
including the EooRI-PvuII fragment described in part Bl-1 : 
enzymatic cutting by the restriction enzyme Espl (or IsoCellD at 
position 7864 (namely +23 cf the viral LTR). At the 5* end the bases 
generated by a EcoRI cut were artificially added to a double 
stranded synthetic oligonudeotide complementary to the 23 bases 
cf the LTR (140 bases, 103 cf whidi are bases cf the envdcpe). At 
the 3* end the digonudeotide is complementary to the cohesive 
ends The digonudeotide sequences are the fdlowing : digo- 
SENSE 5'- AAT TCA ATG AAA GAC CCC AAA TFG C -3'; digo- 
ANTISENSE 5* - TAA GCA ATT CGG TGG GGT CTT TCA TTG -3\ 

2* - 2 GAG shortened while preserving intact the packaging 
sequences; designation FOCH29-SG (for FOCH29 shcrt QAG) 
shown in Figure 8. 

The basic construction FOCH29 leaves half d the GAG 
sequences in place; the transcription and probably the translation of 
M/^15 and ppl2 being presen/ed. 

The preservaticn of a significant portion d GAG has been 
desaibed as being benefidal for the stability d the retroviral 
construdicn. This may however represent a disadvant^e in terms 
d the space available for the exogenous sequences to be vectorize^ 
cn the one hand; and cn the other, in temns d safety d the 
ccnstnidion. the probability d promoting recombinaticnal events 
with retroviral sequmces to generate replication-competent viral 
partides being significantly increased. 

F(X3i29 coitains scarcely more than half d the GAG 
sequences d the FB29 strain and offers the advantage of very 
remarkable efficacy. 

A culture of the producer denes d FOCH29, maintained for 
18 months, did nd lead to the production d an amount d 
recombinations with retroviral sequences generating replication- 
conpetent viral partides and thus detrimental to the safety of its 
use 
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In this perspective of improving viral safety, an alternative 
(xristructicn was prepared in which the GAG of FB29 is cut at the 
unique Ahalll (or isoDraD site at position 1031; only a quarter of the 
GAG sequences are then conserved. The cut generated by Ahalll 
having blunt ends as for PvuII used for the doning cf FOCH29, the 
construction was made exactly superposable; the doning upstream 
not being modified; downstream, the Uxinted ended Smal site of the 
pdylinker of pUCl 9 was used. 

2* -3 Constructions induding IRES (for intra Ribosome Entry 
Site or Ribosonne Landing Pads) leading to pdydstronic messenger 
RNAs. 

A retroviral construction induding IRES is in prindple 
designed for the transfer o^ several genes of interest for which it is 
desired that the level of transcription is balanced since it is initiated 
from a single prcmoter (Morgan et al., 1992); the most illustrative 
example is that of the transfer of the sequences coding for the 
different diains of a functional molecule in a heterodimeric or 
trimeric context 

A polydstronic vector was constructed for the transfer of the 
two diains of interleukin 12 or HI 2. p35 on the one hand and p40 
on the other. 

The p35 fragment introduced was the folloving fragment : at 
5* : PstI at position +187 of the sequence; of the two ATG (Met) 
codons in phase (positions 100-102 and 202-204) , that used was at 
position 202-204; and at 3" : EcoRI at position +1065 (stop codon 
TGA at position 904-906). 

The p40 fragment introduced ladced the flanking 5' cr 3' 
sequences : Xbal site at position +1 of the sequence (ATG at pcsition 
+9); and at 3* : EoaRI at position +1007 (stop codcn TAG at pcsition 
993-995). The complementary DNA to p40 has an optimized AUG 
codon (Sequence Kozak CCATGG ; corresponding to the Nool 
restriction site). 

two types of IRES were used (Barman et al., 1992; 1993); 

- IRES derived from pdicvirus which required accurate 
positioning; ribosome binding site at 560, AUG binds to positicn 
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This is the fragment Kpnl (position +70) / Ball (position +630) 
which was used : either upstream of p35 (FOCH29-NIRIL12); or 
upstream of the gene for resistance to necmydn (FOCH29-IL12- 
30IR4ON). 

- IRES derived from EMCV (for EncephaloMyoCarditis Virus), 
in which the IRES sequences derived from EMCV require octrandy 
accurate positioning, in phase, cf the gene to be expressed (IRES 
sequences derived from EMCV are sold under the name cf pCITE 
for CAP INDEPENDENT TRANSLATION ENHANCER (Novogen. 
USA), very similar to those which were used here). In the light of 
the optimized character cf the AUG of p>40, it is this chain which 
was assodated with the IRES-EMCV whatever the ccnstructicn; the 
EMCV fragment used comprises a EcoRI site upsteam (position 
+280) and a Nool site dcKvnstream situated just after the AUG (leave 
a "C residue whidi ccrrespxnds to the second base cf the fourth 
cod on). 

Three constructions were made : 

figure 9 1) FOCH-ILt2 : p35 / IRES d poliosarus 

/ p40: LTR promoter 
figure 10 2) FOCH29-NIRIL12 : neomydn resistance gene / IRES 

of pdio^rus / p35 / IRES of EMCV / p40 
figure 11 3) FOCH29-30IR40N : p30 / IRES of EMCV / p40 / IRES 

of pblicvirus / necmydn resistance gene 

These ccnstructicns all have resort to an intermediate 
construction in pUC18 in which : 

1*) a NotI site was introduced at each of the ends of the 
poiylinker, in Hindin upstream and in EooRI downstreanx 

2*) a Sail site was introduced downstream from the poiylinker 
between the EcoRI site and the NctI site 

3*) a base motif ("pUQ 8-base") was doned comprising . p35 / 
IRES of poIiCT/irus / p40. Starting frcm this base motif, the 
construction FOCH-IL12 was obtained by exdsion by means cf NotI 
digestion, ligaticn is carried out between the fragment obtained and 
the vector FOCH29 opened by NotI for which a linker was 
introduced at the Xbal sita 



The ccnstructions FOCH29-NIRIL12 and FOCH29-IL12- 
30IR40N were obtained after addition respectively : cf the block 
necmyan gene resistance / IRES of policvirus at the SphI site 
upstream from the "pUC18-base"; and the block IRES of pdiovinis 
/ neomycin resistance gene at the Sail site downstream from the 
"pUC18-base". 

2* -4 Construction GAG-POL to contribute to the devdcpment 
cf an original packaging line. 

The nudeoce^sid proteins and the reverse transcriptase are 
derived from sequences of the FB29 strain in the complementation 
line 

The packaging lines presently available and derived from 
mouse cells possess the following disadvantages : 

- Co-packaging, concordtant with defective oonstructionsv 
endogenous retroviral sequences (MCF, VL30, even retro- 
transposcns). These oo-padcaged sequences are thus also likely to be 
integrated after infection of the target cdls of the transfer. 

- Expression of ocmplementation proteins; in particular the 
envelope, piloted in these lines by a retroviral LTR Although the 
lines cf the third generation use corrplementaticn retroviral 
constructions comprising several mutation or ddetion sites, the 
preservation of LTR sequences is in itself a potential disadvantage; 
in fact, they are capable cf giving rise to genetic recombinaticn with 
the defective constructicns to be complemented. 

All of these elements have led to attempts to improve the 
safety cf conditions of genetic transfer with retro^ral vectors. The 
packaging line was developed cn the prindple cf the third 
geieration lines; i.e. with fragmentation of the sequences coding fcr 
the canplementation proteins in two parts (two successive 
transfection steps). 

2* -4-1 In the first stage; the steps inplying the use cf 
sequences derived from the FB29 strain of the Friend virus are 
described : in particular, development of the basic cdl "DOGP29". 

DOGP29 was obtained by transfection of the ccnstruction 
LTR-SI>deletion psi-GAG / POL detailed below (and co- 
transfection with selection gene; resistance tophlecmydn) cn dog 
fetal cell optimized aoocrdinj; to the followin^? criteria : 1 - absence 



of endogenous retixaviruses; 2 - adherent cell; 3 - rapid grcwth; 4- 
stabie and homogeneous moq3holqgy; 5 - easily transfectable; 6 - 
very high number cf jxtssages tolerated (intensive artificial passages 
for assay); 7 - optionally capable cf sustaining LTC-IC (Hemato). 

A Master Cell Bank System is created from the done of dog 
cdls selected according to the intensity cf synthesis of viral 
complementation proteins and the stability cf expression of the 
reverse transcripitase (POL). 

The ccmplemerting gag/pd construction for the 
nudeocapsid protein-; and the reverse transcriptase is derived from 
the FB29 strain of the Friend vims. 

The basic construction was assembled from the construction 
described in the paragraph in which the LTR was left in place or 
replaced by the sequences of the RAR-beta promoter. 

A large deleticn of the padcaging sequences situated upstream 
from the sec^ences coding for the gag capsid nudeoproteins 
(starting at + 619) is carried out as fdlovvs : Spel (or Isocelll) cut, 
unique site at + 280; and PstI at + 560-561 whidi removes 280 bases 
A synthetic linker Spel-FstI is synthesized 5* -CTAGTGCA-3' and 
annealed to the plasmid, cut again by HindllL Ligation is then 
carried out with the third fragment Pstl-Hindlll induding the major 
part of the GAG and POL sequences. 

Then, in a second step (after transformation and selection of 
the positive recombinants), the Pstl-PstI (561-737) induding the 
ATG cf GAG was dcned at the PstI site in its angina] position in 
order to reestablish the totality cf the GAG sequences; the 
orientation of the doning cf this small symmetric Pstl-PstI fragment 
is established by enzymatic digestion with Haell (position 720; a 
second site is situated at 4291 but does not disturb the orientahon) / 
Ahalll (unique site in the entire FB29 sequence at position 1031) cr 
Espl (unique site in th entire FB29 sequence at position 7864 cf the 
LTO. As a result of the method used fcr the dcning at the Hindm 
site of pUC19 of the DNA sequences ccrresponding to the entire 
FB29 genome^ the end cf the POL sequences was recovered as 
fdlcws : initial cut by Hindlll (5060) and Snal (= iso Bstll07D 
(unique site at 6335); after purificaticn. this fragment was cut again 
by Smal (6079) to produce a fragment cf 1019 bases comprising a 
minimum of envelooe seauences (244 bases). This fragment was 



subcloned in the Hindlll-HincII cf the pdylinker d pUC18. The 
pdyadenylation signal of SV40 was juxtaposed downstream 
(excised from the plasmid pCRIPgag-2, Danos and Mulligan. 1988) 
from the cxxistruction. The POL and poIyA sequences were excised 
as a unit frcm pUC18 and ligation was carried out with the plasmid 
pUa9/partially deleted LTR /dd-psi/GAG / 2/3-POI, described 
in the above paragraph. 

2*-4-2 The conventional anrphotropac envelope sequences , 
similar to those used in the psi-CRIP line were used for sequence 
complennentaticn with transcription under viral 5' LTR with a 
poiyadenylaticn site downstream from SV40 as in the psi-CRIP line 
(Danos and Mulligan, 1988). 

B.2. INCLUDING GFNrF<; OF INTFRFCT 
Whether th^ are constructions : 

- using the basic vector with its native LTRs or the SIN version 
frcm which the viral enhancers are deleted 

- using various internal promoters for the ccnstructions 
derived from the SIN vector 

- positioning the gene of interest in a sense or antisense 
transcriptional csrlentaticn with respect to viral transcripticn. 

1* - cDNA coding for the beta-galactosidase with a nudear 
localization signal (Rgures 12. 13) 

2* - cDNA coding for gplTO derived frcm the gene for 
pleictropic resistance to cytotcDcic drugs (ex insert derived frcm 
pMDRl) (Rgure 15) 

3* - CSenoruc sequences and cDNA coding for metallothionein 
IL\ (Rgures 16, 17, 18, 19) 

4* - cDNA of the FACC gene with or without its promoter 
element^ deficient in patients suffering frcm Fanconi disease of the 
complementaticn group C 

The FOCH29 retrcviral hackbcne was used . 

a)- either in its native version with transcripticn defined by 
the activity of the viral Long Terminal Repeats (LTRs). Tliis 
construction makes it possible to assess the efficacy of the LTRs c^ 
the Fnend virus to express the FACC gene in hematopoietic cdls. 



b)- cr in the dd-U3 versicn of the viral enhancer which makes 
it possiUe to test the advantage d a transcripticnal cunm iand by an 
internal prcmoter derived from a ubiquitously functioning gene 
with a moderate but stable bas*c function : it is either the prcmoter 
of the FACC gene itsdf or the MT IIA (metallothicnein IIA) 
promoter, or the PGK (phosphogly cerate kinase) promota-. The 
construction using the prcmoter of the FACC gene is preferred 
provided the level of expressian obtained is compatible with a 
phenotypic correction. 

Choice of the cDNA : 

Three different comp lementary DNAs ccrreponding to three 
types cf messenger KNAs were doned for the complementation 
group C of Fanconi's disease; the open reading frame is identical 
irrespective of the carplennentary DNA considered . (strathdee et ai, 1992). 

One of the messengers is largely predominant in the cells in 
culture Its 5' end canprises only a part d the exon -1; on the other 
hand, the ncn-coding 3* end is very extensive The flanking 3' 
sequences seem to have a decisive importance for the stability of the 
transcripts 

Whatever the complementary DNA chosen, the latter is 
excised by BamHI/XhoI cutting and introduced into the retroviral 
constructions in an antisense orientation as follows : upstream. Xhul 
is cohesive w:::. ::.e ends generated by Sail cutting ; downstream 
the Sphl site is made blunt, thus adapted to the BamHI site itself 
also made blunt. 

1- Most of the complementary DNA is 4.5 kb (size 
corresponding approximately to the upper limit for a retroviral 
vector). 

2- The DNA complementary to one of the other two 
messengers was also used in the sense orientation within the 
enhancer-free retroviral construction (del-lB) to test the potential 
advantage of using flanking 5* sequences and the -1 excn for the 
expressian of the FACC gene; the doning is then achieved by Xbal 
cut made blunt upstream to adapt to BamHI -blunt, the Sall-Xhol 
ade^Dtation being made downstream 

3- Rnally. more singly, the complementaiy DNA 
ccrrespcnding to the regions coding for the FACC gene lacking 
flanking regions at 5* and 3* was introduced ; 
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- either in the native retroviral vector in the sense orientaticn 
with transcripticn governed by the retroviral LTRS 

- cr in the enhancsr-free retroviral vector in the sense 
cnentaticn with transcripticn governed by a ubiquitous 
metallothicnein or PGK (phosphpglycerate kinase) promoter. 

5*- cDNA of the PLP gene deficient in patients suffering frcm 
the Pelizaeus-Metzbacher disease (Dautigny et al.. 1986; Hutscn LD 
et al., 1989; Mcrdlo et al., 1986). 

A constructicn (Rgure 24 was assembled for the time being in 
cxder both to express the PLP gene tinder its highly specific trcpic 
natural promoter and inducible by glucocorticoids and to be able to 
monitor oligodendrocytes cr Schwann cells expressing PLP in vivo 
after stereotaxic inplantation in the brain. 

For this purpose the gene coding for beta-galactceidase 
equipped with a nudear localization signal (nls-Lacz) was placed 
under the direct dependence of the LTR The PLP prcmoter / 
complementary DNA - PLP sequences are placed downstream in 
the pdylinker. The BamHI-BamHI fragment c^ nls-Lacz was dcned 
in the BamHI site of the pdylinker of pSPn8. The AluI/BamHI and 
BamHI/EooRI fragments (treated with Wenow in the presence cf 
dNTPs) induding re^aectivdy the PLP promoter and the PLP 
complementary DNA were dcned after ligation to the Smal site 
upstream (in the case of Alul) and EooRI site downstream in 
pSPTlS. 

The entirety of the insert is exdsed by EodRJ downstream, the 
end of the insert is treated with Klenow (blunt end) then Sal! 
upstream; and adapted to the pciylinker of FOCH29 upstream at 
Sail and downstream at %DhI treated with Klenow (blunt end). 

Other constructions in the del-U3 version of FCX:H29 are 
planned induding in reverse orientaticn the PLP prcmoter fdlowed 
by a sequence comprising the first intron of the gene assodated with 
the complennentary DNA The presence of this intnDn ought to 
improve the expression and stability of the transcripts and allow a 
possible alternative ^lidng PLP-DM20. 
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6*- cDNA each cf the chains of interleukin 12 -: p35 and p40 
in a pdydstrcnic vector, oxistructicxi described abcve as ecanple 
of construction comprising IRES. 

Other constructions may be obtained hy induding for example 
the following genes : 

T- TIMP : Tissue Inhibitor of Metallcproteinases 
8*- TNF : Tumor Neorosis Factor 
9*- IFN-gamma : gamma Interferon 
10*- IFN-B : beta Interferon 

11*- cytokine genes sudn as fcr example interleukin 
C- CELL TARGETS 

The vectors of the invention were used to transfect 
different stem cells As examples the following cells are dted : 

a- HEMATOPOIETIC STEM CELLS OF HUMAN 
ORIGIN 

The retroviral vedor FOCH29 was initially caistruded 
for the purpose cf investigating a viral strain capable of infecting 
hematopoietic stem cells more effectively and cf leading to a hi^er 
significant expression of the genes of interest in these cells than with 
the vectors currently used. This supposed effed is expected as a 
result of a particular tropism of the viral regulatory sequences, in 
particular IB sequences of the LTRs 

The gene for neomydn resistance (neomydn pho^ho- 
transferase derived from frcm the transposon Tn5) was introduced 
to form the vedor FOCH29-Neo previously described and used as 
gene marker. 

For one year the optimal conditions have been studied fcr the 
transduction of CD34-^ hematopoietic progenitors of human origin, 
seleded according to various methods obtained either from 11) 
blood of the umbilical corcj, 21) bene marrow (allogenic graft). 31) 
stem cells of the peripheral blood mobilized by a combination of 
chemotherapy and growth fadors. 



1- Ccmparison of different pixxxdures cf viral infection 

1-1 Use of viral supernatant versus coculture (on 
packaging cells producing the virus continuously) 

1- 2 Stimulation of the cdls by different combinations of 
growth factors 

2- Evaluation of the success of transfer : 

2- 1 ahsolutdy, whatever the stage of differentiation of 
the transduced cdls, by means of biological and 
molecular methods 

2-2 in cdls ce^bie of representing pluripotential cells 
with the development of long-term cultures, in 
particular of xenogeneic stroma of mouse origin and 
sequential analysis of the donqgenidty of the cdls. 
The results (in detail bdow) obtained, in particular starting 
from viral supematants, confirm the initial hypothesis of a 
remarkable efficiency of the retrcviral vector on the hematopoietic 
precursors. 

The details of the oq^erimental protocols as well as the results 
obtained are described : 

EXPERIMENTAL PROTOCOLS 

1- COMPARISON OF DIFFERENT PROCEDURES OF VIRAL 
INFECTION 

1-1. Use of viral supernatant versus coculture on packaging cdls 
producing the virus continuously. 

fri fact, the use of cocultures presents major disadvantages fa- 
human uses rdating to : 

1) the potential contamination of the hematcpoietic cells by 
xenogeneic cdls and 

2) the potential persistence of a multiplication cf these 
producer cdls in spite cf thdr bang in-adiated (or thdr treatment 
by cytotcpcic agents) prior to the use in coculture 

3) the significant increase cf the risk of the generation cf 
replication-ccmpetent virus as a result of the presence cf sequences 
complementing the defective viruses, capable of indudng 



endogenous retrcviral sequences or acradental, contaminating 
viruses of the culture media (Temin et al., 1990). 

A co mp arison in paralld was made d the infection of the 
same unique cdl source (CD34+ progenitors selected either from a 
unique sac of blood of the umbilical cord; or from a cytapheresis) 
separated into two equivalent samples from all points of view, one 
cf them was placed in contact with an adherent sublayer of virus 
producer cells grown to 80% confluence on 1% gelatin in the 
presence of polytjrere at a ccncentraticn cf 2 mg/ml for 48 hours; 
the other sample wrs placed in a culture flask and covered with 
viral supernatant (undiluted with additional culture medium) 
freshly harvested from cultures of producer cells at confluence and 
filtered through a 0.45 ^m membrane (removing all cf the cdls 
likdy to have been taken with the supernatant), in the presence of 
pdybrene at the same concentration. The infection protocoi by viral 
supernatant was based on a r^etition of four cydes over 36 hours; 
i.e two cydes per day at an interval of eight hours on two 
successive days. The supernatant was simply added to the culture 
well without the hematopoietic cells being handled or centrifuged. 

The culture medium used for the viral infection irrespective of 
the mode of infection corresponded to the medium optimized for 
hematopoietic stem cdls, namely Isccve's nxxlified DMEM (GIBCO 
BRL) supplemented with 10% fetal calf serum (Bodiringer- 
Mannheim) and 10% horse serum (GIBCO-BRL). 

Each parameter was simultaneously tested in at least two 
wells in duplicate 

After infection, the cdls were planted for long-temn culture on 
xenogeneic stroma 

1-2. Stimulation of the cells by different combinaticns of 
growth factors 

Minimized quantities of growth factors were used in crder to 
preserve maximally the pluripotentiality of the hematcpcietic 
precursors which might be infected, the objective being to best treat 
the cdls already spontaneously in cyde 

A corrqaariscn has been made on the sanrte cdl source and 
under the same condition cf infecticn of : 

r- DIFFERENT COMBINATIONS OF GROWTH FACTORS 



(Stem Cell Factor : SCF; Laikemia Inhibiting Factcr : LIF; 
Interleukin 3 . IL3; Erythropcietin : Epq Granulocyte-Macrcphage 
stimulting factor : GM-CSF), namely . 

- SCF + UF 

- SCF + LIF + IL3 

- SCF + UF + IL3 + Epc 

- SCF + LIF + IL3 + GM-CSF 

2« - DIFFERENT CONCENTRATIONS OF THESE DIFFERENT 
FACTORS 

- SCF : 50 ng/ml; 25 ng/ml; 10 ng/ml ; 5 ng/ml 

- LIF: 10 U/ml; 5 U/ml; 1 U/ml 

- IL3 : 10 U/ml ; 1 U/ml ; 0.1 U/ml 
-GM-CSF 10 ng/ml 

2- EVALUATION OF THE SUCCESS OF TRANSFER 

2-1 All cells taken together immediately after infecticn, giving 

rise to an initial percentage of transfected cdls cn the basis ci 

molecular and bidogical nrtethods : 

- CFU-GEMM (assay for the presence cf mixed ccionies 

Granulous-Erythroid-Monocytes-Megakaryocytes) acccrding to two 
forms : 

- without selection 

- with pharmacological selection by means of neomycin used 
at initially high doses^ namdy 1 mg/ml. 

- PCR (polymerase chain reaction) cn individual cdcnies 
starting frcm the CFU-GEMM assays on methylcellulose 
subcultured an non-sdected cultures; after subculturing the 
individual cdcnies were amplified to about 105 cells per well by 
stimulatioi with a cocktail of growth factors containing : SCF 50 
ng/ml; GM-CSF 50 ng/ml; IL3 10 U/ml; and ^o 2U/ml. The cells 
were then lysed and analysed (cf protocol and PCR primers 
indicated in the part) . 

2-2 in cells likely to t^e pluripotential cells 

An assay of long-term cultures on xenogeneic stroma of 
murine origin (line MS5) was used and sequential analysis c^ the 
dcnogenidty of the cells. 
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Long-term cultures on xenogeneic stroma, the adherent 
monoJayer cf which was produced beforehcind on a film of 1% 
gelatin. These cultures were grown in "slide-flasks" of 9 cm^ surface 
area (Nunc) for 60 days; each week half of the surface supernatant 
was remos/ed and replaced by fresh medium containing a minimal 
cocktail of growth factors (Stem CEll Factor : SCF 5 ng/ml; 
Leukemia Inhibiting Factor . LIF 5U/mI; Interleukin 3 : IL3 
0.1 U/ml and erythropoietin : EpoO.1 U/ml). 

The long-term cultures were grown in normal medium or in a 
selective medium with a stroma genetically manipulated by 
transfection with a PGK-neo plasmid in order to be made resistant 
to neomycin. 

The evaluation I of the long-term cultures was based on : 

- the observation of the presence of islets of hematopoietic 
cdls at the surface cn the stromal cells (Cobblestone) 

- the starting at defined times of sequential CFU-GEMM 
assays with or without pharmacolqgical selection for the presence of 
the gene for neomycin resistance The cdls sanpled were numbered 
and seeded in aliquocs cf 1000 cdl per analysis well. The cdls were 
derived either from the surface supematant generally taken each 
week or from a supematant withdrawn so as to detadi also the 
hematopoietic islets adhering to the stroma (in particular on D60 
when the long-term cultures were stepped) as follows : all of the 
supematant was taken, the culture dish was then ocvered with Ix 
PBS without calcium for one to two minutes; this detached the 
partially adherent cells. This seccnd supematant was itself 
remo/ed, pooled with ths first and the whole was centrifuged at 
very low speed (1000 revdutions /minute) on a cushion of fetal calf 
serum whidi protected the most fragile cells. One part of the 
cellular p^let was planted fcr CFU-GEMM the other cells being 
simply reseeded cn an xenogeneic stroma for long-term culture. 

- the molecular characterization of the viral integration was 
analyzed by sequential FCR assays on individual colonies taken 
from the CFU-GEMM (see abcve). 

- when a sufficient number of cells could be obtained at the 
outset and when the Icng-term cultures remained very rich, one 
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1 - LONG-TERM CULTURES 

The culUires were maintained successfully for 60 days without 
changing the strcma during this interval. At that date^ the cultures 
were stopped and all of the remaining cells were seeded in CFU- 
GEMM Cdonies in CFU-GEMM assay seeded at 60 days from cells 
selected on necmydn were obtained- This confirms the efficient 
transduction of hematopoietic precursors capable of being 
maintained in long-term culture and the ccnservation of a genie 
expression for several months of the gene carried by the 
construction FOCH29 in the hematopoietic precursors. 

2- COMPARISON OF DIFFERENT PROCEDURES OF VIRAL 
INFECTION 

2-1 Use of viral supernatant versus coculture 

The remarkable efficiency cf four repetitive cydes of infection 
by supernatant during two days, without manipulation of the cells 
has been observed in comparison with coculture on a packing line 
for 48 hours 

These data were authenticated by : 

1* The maintenance of long-term cultures in the presence of a 
selection by neomycin on stroma resistant to neomycin; at D60 the 
cell cultures infected by supernatant still remained productive 
whereas the wdls infected by coculture were unproductive. 

2* The CFU-GEMM assays with a number of colonies, in 
particular mixed colonies^ 4 to 5 times more numerous after 
infection by supernatant. 

3* The molecular evaluaticn of viral integration by PCR on 
individual colonies subailtured and amplified from the CFU- 
GEMMs. In the case of the initial assays a transduction of up to 90% 
was detected after infection by supematant 

2-2 Stimulation of the odls by different ccmbinaticns of 
growth factors 

Of the multiple different ccmbinaticns dted in the 
experimental protoccd section, the minimal cocktail of growth 



factors (GFs) selected at minimal ccncentraticns was the fdlowing : 
SCF 10 ng/ml -»- LIF 10 U/ml. 

In fact, the significant Icng-teim cultures after infection in the 
presence d IL3 at ccncentratians varying between lU/ml and 
lOU/ml could not be maintained owing to a significant initial 
expansion without maintenance cf a productive Icng-term culture 

Furthermore; no effect of vhe pretreatment by xenogeneic 
stroma except that a potential oontanrdnaticn by mouse cells was not 
observed. 

These results thus show : 

1* the feasibility erf a productive retrcviral infection without 
endangering the initiation potential of long-term cultures^ starting 
from a viral supernatant but not from a cocultura 

2* the efficiency of both the viral transduction o^ the 
hematopoietic precursors of human origin derived from the CD34+ 
cells by means of the construction F0C:H29; and the expression of 
the gene of interest throughout the long-term culture starting from 
this construction in these same cells. 

These dements attest to the feasibility of therapeutic uses by 
means of this retroviral vector in human hematopoietic stem cells; 
this ought to be ccnfirmed by the results of a protocol cf dinical 
eaqaerimentation of graft labdling. 

b- EPITHELIAL CELLS 

!•- Cdls of the vesicular qsithdium 

- of rat, dqg monkey 

- of human origin 

2*- Cdls of the mammary epithelium 

- of rat 

- of human origin 
c- TUMOR CELLS 

1 Cells of vesicular tumor 

- of rat 

- of human origin 

2*- Cdls of mammary turner 

- of human origin 

d- ACCESSORY CELLS OF THE NERVOUS SYSTEM 
1 Oligodendrocyte precursors 

2*- Schwann nolle 



These two types Of cells cf mouse crigin were infected with 
the construction FOCH29-Neo in order to evaluate the neurotropic 
tropism of the retrcKaral LTRs; the oqaression of the gene of interest 
being governed by the retroviral LTRs. 

The oligodendrocytes were derived from primary culture^ in 
the case of the Schwann cdls^ the line MSC80 was used After 
infection, the MSC80 cdls were maintained in continuous culture 
and subjected to selection by neomycin fcr four months. The 
characteristic cdlular morphoiogy is maintained throughout this 
prolonged period of culture 

The preliminary demonstration of the success of the infection 
of these neurotropic cells and the maintenance cf a satisfactory 
expression of the marker gene carried by the FOCH29 vector led to 
the continuation of the work in the direction cf therapy : the 
construction of the vector FOCH29-PLP was then achieved. In fact, 
this gene is defective in patients suffering fron the Pelizaeus- 
Metztaacher disease (Saugier-Veber el al.. 1994). The therapeutic 
advantage of the retroviral transfer of a ncrmal version of the gene 
into the glial progenitors responsible fcr the synthesis cf the myelin 
of the central nervous systen\ cr into genetically manipulated 
Schwann cdls is evaluated in mouse modds cf the human disease 
(Jimpy mouse, Jimpy/MSD (Pham-Onh et al.. 1992) and 
Rumpshaker). We are currently monitoring the in vivo fate of 
genetically nwiipulated MSC80 cells, after stereotaxic 
reimplantation in the brain. 

The oonstructicn FOCH29-PLP uses the endogenous promoter 
of the PLP gene; this latter is also evaluated on a ddU3 version of 
FCX:H29, in which the transcription of the PLP gene is govemed by 
its CTAm promoter. 

e- HBROBLASTS 

1*- of murine origin 

2*- of canine origin 

3*- cf non-human primate crigin 

4*- of human origin 
f- CELLS OF HEMATOPOIETIC STROMA 

1*- of murine origin, in the line (line MS5) used fcr the 
long-term cultures of hennatopoietic stem cdls with expressian orver 
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2*- cf canine origin cn primary cultures cf fetal 
medullary fibrobiasts established in the labcratory. 
3*- ot ncn-human primate origin 
4*- cf human origin 
g- ENDOTHELIAL CELLS 
h- MESENCHYMATOUS CELLS 
i- MESOTHELIAL CELLS 
j- KERATINOCYTES 
k- HEPATOCYTES 
1- LINES of human origin 

V- of T LYTvlPHOCYTES . TURKATT 
2*- of NK CELLS : n2£2 
3*- cf MONOCYTES-MACROPHAGES : U937 
ERYTHRO-MEGAKARYOCYTIC : 
These four cell lines were infected with a viral supernatant 
either in a single cyde or in four cycles of infection (two cydes 
separated by an eight hour interval on two consecutive days). 
Sixteen hours after the infection the cdls are sutijected to sdection 
ty neomydn at various concentrations : 0.3 mg/ml; 0.5 mg/ml and 
1 mg/rril. 

A labdling assay with tritiated thymidine was performed one 
wedc after the infection (i.& after five days of selection); this assay 
pros/ed to be substantially positive for the lines with rapid growth : 
Jurkatt and K562 whatever the concentration of neomydn used. 

After prolonged selection by neomydn during three weeks/ 
the comparative analysis of cdlular viability (cdls in suspension) 
between the wells sdected at different concentrations and the 
control wdls without sdecticn shows that a considerable 
percentage of actually transduced cdls on which resistance to 
neomydn was conferred : 

T CELL TUMOR LINE TURKATT : 75 to 80% 
NK CELLS 30 to 50% 

MONOCYTES- MACROPHAGES U937 : 40 to 60% 
ERYTHRO-MEGAKARYOCYTIC : 75 to 80% 



IN VIVO MODEL OF RETROVIRAL TRANSFER 
AFPLICAnON TO BLADDER CANCER 
Since the bladder is a hdlow organ accessible by nneans 
Gi a simple endourethral pnDbe, the forms dt administration and the 
efficiency of gene transfer by direct endc^'esicular instillation in 
vivo were evaluated point by pdnt. This evaluation invdves 
several lines of parameters : 

1* - Efficiency of retroviral transfer of the vesicular urothelium 
by in vivo endovesicular inoculation of viral supematants 
transporting "reporter** constructions. 

2* - Harmlessness of met±ianical operations and the 
transduction of the qsithdial cells 

3* - Absence of systemic diffusion d the viral partides 

4* - Preferential infection of the tumor cells compared with the 
healthy epithelium 

In fad, the superfidal bladder tumors, developjed at the 
expense of the vesicular urothdiinn in 90% d the cases show a 
progression marked essentially by a tendency to recurrence after 
con^lete exdsion by endoscopic surgeiy. A group at high risk of 
recurrence and progression may lae defined and indudes the tumors 
d stage pTl, multifocal tumors d stage pTa, iiLSliSl cardnomas or 
the assodated dysplasias, and the multiple tumoral recurrences. 

In this group, non-spedfic diemotherapy and immunotherapy 
the endovesicular route are used as prophylactic treatments of 
recurrences after endoscopic surgery. However, the endo^^esicular 
treatments currently available have proved incapable of eradicating 
the multiple tumoral recurrences, and even in certain cases the 
progression of the tumors Original therapeutic protocds based on 
the transfer d genes inhibitory of tumoral invasion (TIM? gene; 
construction FOCH29) previously mentioned or capable of 
stimulating the endogenous immune response (constructions 
FOCH29-IL12, FOCH29-IFN-gamma previously dted), or even 
interf erring with the transduction d the enhancer signals d 
proliferation in the tumor cells must hence be suggested. 

PERSISTENCE OF PACKAGED DEFECTIVE VIRAL 

PARTICLES IN BIOLOGICAL FLUIDS 

In this context the infectivity d the virions after incubation at 

= '^-'^ » il ~U n ilC iTT-m T-nat-*>V»-rM-t<^ 



or non-filtered) volunne by volume was analyzed at sequential time 
inteivals as fbllcws : 5 min; 10 nrrin, 15 min; 20 min; 30 inii\- 45 irnn; 
60 min; 75 min; 90 min; 120 min; 150 min; 180 min. It was possiUe to 
demonstrate by using the beta-gal marker gene with a nuclear 
localization signal that the viral titers did not vary during the first 
three hours; the rdevanoe of an approadi by in vivo endovesicular 
instillation associated with water intake restricticn is confirmed. 
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CLAIMS 

1 . Recombinant vector for the cloning and/or expression 
and/or transfer of an exogenous nucleotide'sequence inserted in said 
vector characterized in that it comprises a control sequence contained 
in a fragment situated approximately between nucleotide 7702 of the 
sequence given in Figure 1 A and nucleotide 1527 of the sequence 
given in Figure IC, said control fragment having a 5' LTR sequence 
included betvi^een nucleotides 7842 and 144, a PBS site starting at 
nucleotide 145 of the sequence given in Figure 1 A, and a packaging 
sequence included in the sequence of 250 nucleotides following the 
end of the LTR sequence, said control sequence being capable of 
controlling the cloning and/or expression and/or transfer of the 
exogenous sequence whatever its transcriptional orientation with 
respect to the transcriptional orientation of the virus. 

2. Recombinant vector for the cloning and/or expression 
and/or transfer of an exogenous nucleotide sequence inserted in said 
vector characterized in that it comprises a control sequence contained 
in a fragment situated approximately between nucleotide 7702 of the 
sequence in Figure lA and nucleotide 3 10 of the sequence shown in 
Figure ID said control sequence having a 5' LTR sequence included 
between nucleotides 7842 and 144 of Figure I A, a PBS site starting 
at nucleotide 145 of Figure 1 A, a packaging sequence comprised in 
the sequence of 250 nucleotides following the end of the 5' LTR 
sequence, and a 3* LTR sequence included between nucleotide 7842 
of the sequen'je given in Figure IC and nucleotide 144 of the 
sequence given in Figure 1 D, said control sequenc being capable of 
controlling the cloning and/or expression and/or transfer of the 
exogenous sequence whatever its transcriptional orientation with 
respect to the transcriptional orientation of the virus. 

3. Recombinant vector according to Claim 1 or Claim 2, 
characterized in that it additionally comprises all or part of the ga g 
sequence situated between nucleotides 619 and 2245 of the sequence 
shov^ in Figure 5, in particular the sequence comprised between 
nucleotides 619 and 1527 of the sequence shown in Figure 5. 

4. Recombinant vector according to Claim 1 or Claim 2, 
characterized in that the control sequence consists of the fragment 
cJt,.ntf»H h<>tvveen nnrloofiH.- 7702 of the seuuenre shown in Fiuurc 
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lA, and nucleotide 1527 of the sequence shown in Figure IC. 

5. Recombinant vector according to Claim 2 or Claim 3, 
characterized in that the control sequence consists of the fragment 
situated between nucleotide 7702 of the sequence shown in Figure 1 A 

5 and nucleotide 3 10 of the sequence shown in Figure 1 D. 

6. Recombinant vector according to any one of the Claims 
1 to 5, characterized in that it contains in addition at least one 
polylinker possessing restriction sites unique with respect to the sites 
contained in the vector. 

10 7. Recombinant vector according to any one of the Claims 

1 to 6, characterized in that it is the plasmid pFOCH29 deposited with 
the CNCM on 30 June 1993 under No 1-1326. 

8. Recombinant vector according to any one of the Claims 
1 to 7, characterized in that it comprises in addition a marker gene or 

15 part of a marker gene, for example the gene for neomycin resistance. 

9. Recombinant vector according to any one of the Claims 
1 to 8, characterized in that the U3 region of the 5' LTR and/or the 3' 
LTR is deleted at least in part such that the promoter and/or enhancer 
contained in U3 is (are) at least in part inactivated or modified. 

2 0 10. Recombinant vector according to any one of the Claims 

1 to 8, characterized in that the U5 region of the 5' LTR and/or the 3' 
LTR is, at least partially, deleted. 

1 1 . Recombinant vector according to any one of the Claims 
1 to 9, characterized in that said control sequence contained in said 

2 5 fragment is replaced by a sequence hybridizing under conditions of 

high stringency with said control sequence or is replaced by a 
sequence having a nucleotide homology of at least 95% with said 
control sequence or of at least 85% with the control sequence. 

1 2. Recombinant vector according to any one of the Claims 

3 0 1 to 11, characterized in that it contains the gag and pol sequences of 

the FB29 strain. 

1 3. Recombinant vector according to any one of the Claims 
1 to 1 1, characterized in that the exogenous nucleotide sequence is 
under the control of an exogenous promoter. 

3 5 14. Recombinant vector according to any one of the Claims 

1 to 12. characterized in that it is introduced in a packaging line. 



15. Recamtinant vector according to any one cf the Qaims 1 
to 13, characterized in that it is packaged in the psi-CRIP hne 

16. Reccmbinant vector according to any cne of the Qaims 1 
to 13. characterized in that it is packaged in the psi-CRE line 

17. Reccmbinant vector according to any one of the Qaims 1 
to 15, characterized in that it contains several exogenous secjuences. 

18. Recombnant vector according to any cne cf the Qaims 1 
to 16, diaracterized in that at least one exogenous secjuence is 
inserted in the LTR sequence 

19. Reccmbinant vector according to any one of the Qaims 1 
to 17, characterized in that the exogenous sequence is a sequence of 
therapeutic importance 

20. Recombinant vector according to any cne of the Qaims 1 
to 17, characterized in that the exogenous sequence codes fcr an 
antigen or for an antigenic determinant 

21. Reccmbinant vector according to any cne cf the Qaims 1 
to 19, characterized in that the exqgenous secjuence is a genomic 
DNA sequence or a cDNA sequence or a RNA sequence 

22. Prokaiyotic cr eukt..yotic recombinant cdl, characterized 
in that it is mcxlif ed by a recombinant vector according to any one of 
the Qaims 1 to 20, in particular the cdls of spedes lacking 
endogenous retroviruses. 

23. Recombinant cdl according to Qaim 21. diaracterized in 
that it is a mammalian cdl, in particular a human cell. 

24. Recombinant cell acceding to Qaims 22, characterized in 
that it is a hematopoietic cdl, in particular a hematopcietic 
precursor or a lymphcmyeloid totipotent stem cdl. 

25. Recombinant cell according to Qaim 22, diaracterized in 
that it is a nerve cell, in particular a neuronal cr glial cell, a 
fibroblast, a hepatic; cutaneous or musde cdl, T or B lymphocytes 
cr other meciiator of cellular immunity, tumor cdls, medullary 
stroma, endc3thdial and mesenchymatcxis cdls 

26. Method for the ex vivo or in vivn transfection cf 
eukaryotic cells, characterized in that the eukaryotic cells are 
infeaed by a recoml^nant retroviral vector according to any cne of 
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ABSTRACT 

RETROVIRAL VECTOR FOR THE TRANc;PT: p. and FyPRF<;Q| p^T 
Q F GENES FOR THERAPEUTIC PURPfy^FS IN FMVA^Y nT]n 
CELLS 

The invention relates to a reoombinantvector fcr tine dcning 
and/cr eDq^ression and/or transfer ofan exogenous nucleotide 
sequence characterized in that it consists of any sequence contained 
in the Qal-PvuII fragment comprising nucleotides 7702 to 1527 d 
the sequence givai in Rgure 1 and comprising the LTR sequence 
included between nucleotides 7842 and 144, the PBS site starting at 
nucleotides 145, the packaging sequence induded in the sequences 
of 250 nudeotides following the end of the LTR sequence; the said 
sequence being capable of controlling the dcning and/cr 
expression and/or transfer of the exogenous sequence whatever its 
transcriptional orientation with respect to the transcriptional 
orientation of the virus. 

It relates to the use this vector for the transfer and/cr 
dcning and/or expression of genes, in particular in the context c^ 
gene therapy. 



1/2 2 



"1 i ( c^(^ 




2/32 



1 I ^^t^^ 




FIGURE lb 



3 '32 



1 I 8^3 




4/3 2 




FIGURF Irl 



5/32 




— > linker Bglll 



FIGURE 2 A 



6/3 2 




7/32 




NE02 
950 



FIGURE 3 



8/32 



PUC19 

(ATCC 37254) 





FIGURE 4 



9/3 2 



GCGCCAGTCC TCCGATAGAC TGAGTCGCCC GGGTACCCGT GTATCCAATA AATCCTCTTC 60 

CTGTTGCATC CGACTCGTGG TCTCGCTGTT CCTTGGGACG GTCTCCTCAG AGTGATTCXC 12 D 

I TR n*PBS 

TACCCGTCTC GGGGGTCTTT CATTTGGGGG CTCGTCCCCG ATCTGGAGAC CCCTGCCCAG 180 

pSD n 

GGACCACCGA CCCACCACCG bCAGGTAAGC TGGCCAGCAA TTGTTCTGTG TCTGTCCATr 240 

GTCCTGTGTC TTTGATTGAT TTTATGCGCC TGTGTCTGTa" CTAcirGGCC GACTACArTG 300 

{-BamHI-j f-Pr75 OCA 

GTATCTGGCG GATCCGTGGT GGAACTGACG AGTTCGAGAC ACCCCGCCCC AACCCTCCGA 360 

GACGTCCCAG GGACTTCGGG GGCCATTTTT GTGGCCCGCC CACAGTCCAA CCATCCCGAT 420 

CGTTTTGGAC TCTTTGGTGC ACCCCCCTTA GAGGAGGCGT ATGTGGTTCT GGTACGAGAC 480 

AGAGGGCTAA AACGGTTTCC GCCCCCCTCT GAGTTTTTCC TTTCGCTTTC GAACCGAAGC 540 

CGCGCCGCGC GTCTTGTCTG CTGCAGCATC CTTCTGTGTT G TCTCTGT'rr GACTCTTTTT 600 

CTGTATTTGT CTGAAAACAT CGGCCACCCT CTTACCACCC CCTTAAGTTT GACTTTAGAC 660 

>RERJ;YCffiLGAG_jiApl5 

CACTGGAAGG ATGTCGAACG GACAGCCCAC AACCTGTCCG TACAGGTTAG AAAAACCCCC 720 

TGGGTTACAT TCTGCTCTGC AGAATGGCCA ACCTTCAACG TCGGATCGCC ACCACACCCC 780 

ACTTTTAACC CAGACATTAT TACACAGGTT AAGATCAAGG TCTTCTCACC TGGCCCACAT 840 

GGACATCCGG ATCAGGTCCC CTACATCCTG ACCTGGGAAG CTATAGCAGT AGACCCCCCT 900 

CCCTC::GTCA GACCCTTCGT GCACCCTAAA CCTCCCCTCT CTCTTCCCCC TTCAGCCCCC 960 

MAplS ^ p— »^pi2 

TCTCTCCCAC CTGAACCCCC ACTCTCGACC CCGCCCCAGT CCTCCCTCTA TtCXMCTCTC 1020 

rstui-| 

ACTTCTCCTT TAAACACCAA ACCTAGGCCT ' CAACTCCTTC CTGATAGCCG AGGACCACTC 1080 

ATTGATCTAC TCACGGAGGA CCCTCCGCCT TACCGGGACC CAGCCCCACC CTCTCCTGAC 1140 

GGGAACCGCG ATAGCGGAGA AGTCCCCCCT ACAGAAGGAC CCCCTCACCC TTCCCCAATC 1200 

GTATCCCGCC TGCGGCGAAG AAAAGAACCC CCCGTGGCGG ATTCTACTAC CTCTCACCCC 1260 
pl2*-j^CAp30 

TTCCCCCTTC GCCTCGCAGG GAATCGACAC TATCAATACT GGCCATrTTC CTCCTCTt»C 1320 

CTCTATAACT GGAAAAATAA CAACCCCTCT TTCTCCGACC ACCCACCTAA ATTGACACCT 1380 

TTGATCGAGT CCCTTCTCCT TACTCATCAG CCCACTTGGC ATCACTCCCA ACACCTATTA 1440 
r-d^but FMS15 1447-1468 1 

GGGACCCTCC TCACCCCAGA ACAAAAACAC CGAGTGCTCC TAGACGCCCC AAACCCCGTT 1500 

rPvuIl") 

CGAGGGGACG ACCGACCCCC AAerCK^TTG^ C^CAATGACA TTAATCATCC miCCCl ' lt. 1560 
GAACGTCCCG ACTCGGACTA CAACACC ^rAA CGJ^ GTACGA ACCACCTACT CCACTATCCC 1620 
CAGTTGCTCC TAGCGGGTCT CCAAAACGCG GGCAGAAGCC CCACCAATTT CGCCAACCTA 1680 
AAAGGGATAA CCCAGGGACC TAATGAGTCT CCCTCACCCT TTTTACACAC ACTCAACGAC 1740 
GCCTATCGCA CATACACTCC TTATGACCCT CACGACCCAC GCCAAGAAAC CAATCTCCCC 1800 
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ATGTCATTCA TCTGGCAGTC CGCCCCGGAT ATCGGGCGAA AGTTXGAGCC CTTAGAACAT I860 

. Bol 1 1 

TTGAAGAGTA AGACCTTAGG AGACTTAGTG AGGGAAGCTG AA^ ^GATCT^ T TAATAAACCA 1920 
GAAACCCCGG AAGAAAGAGA GGAACGTATT AGGAGACAAA CAGACGAAAA GGAACAACCC 1980 
^^'^^^CmO^ -^^UCqI^^^ GAGAGAGAAG GACAGGGACC CCACAAGACA TAGAGAAATG 2040 
AGTAAGTTGC TGbcTACTGT CGTTAGCGGG CAGAGACACG ATACACACCG AGGACACCGA 2100 
AGGAGGCCCC AACTCGACCA CGACCAGTCT CCCTACTCCA AAGAAAACCG ACATTCCCCT 2160 

AGAGATTGCC CCAAGAAGCC AAGAGGACCC CCCGGACCAC CACCCCAGCC CTCCCTCCTC 2220 
gag * j -►pol | 

^^iME^Sr'' '''''' tcagcgtcac CACCCCCCCC CTCAACCCAG GATAACCCTC 22% 

AGAGTCGGGg'gGCAACCCGT CACCTTCCTA CTCCATACTG CCCCCCAACA CTCCCTCCTC 2340 
ACCCAAAATC CTGGACCCCT AACTGACAAC TCTGCCTCGC TCCAACCCCC TACTCGACCC 24U0 
AAGCGGTATC GCTGGACCAC CCATCGCCCA CTCCACCTAG CCACCCCTAA CGTCACCCAT 2460 
TCTTTCCTCC ATGTACCAG> TTGCCCCTAT CCTCTCCTAC CyUUSAGATTT CCTCACTAAA 2520 
CTAAAAGCCC ^TTCA CT T TGACCCATCA CGAGCTCACC TTCTCCCACC AATGGCACAC 2580 
CCCCTGCAAG TGCTGACCCT AAACATACAA GATGACTATC CCCTACATCA CACCTCAAAA 2640 
GGGCCAGATG TGCCTCTAG. GTCCACATGC CTCTCTCAgJTCCCCACCC CTGCGCACAA 2700 
ACCGGGGGCA TGGGGCTGGC CGTTCGCCAA CCTCCTC ^TCA TCaI tACCTCT GAACGCAACC 2760 
TCTACCCCCG TGTCCATAAA ACAATACCC|^CACAAC AACCCAGACT CCCCATCAAC 2820 
CCCCACATAC AGAGACTCCT CCATCAGC ^ ATTC^ CCTAC CCTCCCACTC CCCCTCCAAC 2880 
ACGCCCCTGC TACCCCTTAA CAAACCGCCC ACTAATCATT ATAGCCCTCT CCAGGATCTC 2940 
AGAGAAGTCA ACAAGCCCCT CCAAGACATC CACCCCACCC TCCCCAACCC TTACAACCTC 3000 
TTGAGCGGGC TCCCACCCTC CCACCACTCG TACACTCTCC TTCACTTAAA ACATCCTTTT 3060 
TTCTCCCTGA CACTCCACCC CACCACTCAC TCTCTCTTCC CCTITGACTC CAGACATCCA 3120 
GAGATCGGAA TCTCACGACA ATTAACCTCC ACCACACTCC CGCACCCTTT CAAAAACACT 3180 
CCCACCCTCT TTCATCAACC CCTCCACACG CACCTCGCAG ACTPCCCCAT CCAGCACCCA 3240 
GACCTGATTC TGCTCCAGTA TCTAGATGAC TTACTCCTCC CCCCCACTTC TCAGCTOAC 3300 
TGTCAACAAC CTACCCGCGC CCTCTTACAA ACCCTACGCC ACCTCCGATA TCCCCCCTCC 3360 
GCCAAGAAAG CCCAAATTTC CCAGAAACAG CTCAAGTATC TCCCCTATCT TCTAAAACAC 3420 
GGTCAGACAT GGCTGACTGA CGCCAGAAAA CAGACTGTGA TCCCGCAGCC TACTCCCAAC 3480 
ACCCCTCGAC AACTAACCGA GTTCCTACGC ACGCCACGCT TCTCTCCCCT C.-.GATCCCT 3540 
CGCTTTGCAG AAATGGCAGC CCCCTTGTAC CCTCTCACCA AAACCCGCAC TCTGTTTCAC 3600 
TCCGGCCCAC ACCAGCAAAA GCCCTACCAA CAGATCAAGC AGGCTCTCTT AACTCCCCCT 3660 
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GCCCTGGGAT TGCCAGACTT GACTAAGCCC TTCCAACTTT TTCTTCACCA GAAGCACCGC 372G 
TACGCCAAAG GTGTCCTAAC GCAAAAACTG CGCCCTTGGC CTCGCCCGGT GGCCTACCTC 378 0 
TCCAAAAAGC TACACCCAGT GGCAGCTGGG TGGCCCCCTT CCCTACGGAT GGTACCAGCC 384 0 
ATCGCCGTTC TGACCAAAGA CGCTGGCAAG CTCACCATCG GACAGCCACT AGTCATTCTG 3900 
GCCCCCCATG CAGTACAGGC ACTAGTTAAG CAACCCCCTG ATCGCTGGCT CTCCAACGCC 3960 
CGAATGACCC ACTACCAGGC TCTGCTTCTG CACACGCACC CACTCCAGTT CGGACCAATA 4020 
GTGGCCCTAA ACCCAGCTAC GCTGCTCCCT CTACCTCACC ACCCGCTCCA ACATCACTCC 4080 
CTTGACATCT TGGCTGAAGC CCACGCAACT AGACCACATC TTACCGACCA GCCTCTCCCA 4140 
GACGCTGACC ACACCTGGTA CACACATCCC ACCACCTTCC TCCAACAGCC GCACCCCAAC 4200 
GCCGGAGCAG CAGTAACCAC CCAGACCCAC CTACTCTGCC CCAAAGCACT GCCAGCCCCG 4260 
ACATCGGCCC AAAGAGCTGA GTTCATAGCG CTCACCCAAC CCTTAAAAAT CGCACAACCT 4320 
AAGAAGCTGA ATGTTTACAC CCATAGCCGT TATCCTTTTC CCACTCCCCA TATTCACCGA 4380 
GAAATATATA GAAGGCGCGG GTTGCTCACA TCAGAACGAA AAGAAATCAA AAATAACGAC 4440 
GAGATCTTGG CCCTACTGAA GGCTCTCTTC CTCCCCAAAA CACTTACCAT AATTCATTCC 4500 
CCGGGACATC AGAAGGGAAA CCGCGCGGAC CCAACCGGCA, ACAGGATCCC CGACCAAGCC 4560 
GCCCGAGAAG TAGCCACTAC AGAAACTCCA GAGACTTCCA CACTTCTCAT AGAAAATTCA 4620 
GCCCCCTATA CTCATGAACA TTTTCACTAT ACGGTGACTC ACATAAAAGA TCTGACTAAA 4680 
CTAGGGGCCA CTTATGACGA TGCAAACAAG TGTTCGCTTT ATCAGCGAAA GCCTCTAATC 4740 
CCTGATCAAT TCACCTTTGA ACTATTAGAT TTTCTTCATC AATTGACCCA CCTCACTTTC 4600 
TCAAAAACAA ACGCTCTTCT AGAAAGGAAC TACTGTCCTT ATTACATGCT GAACCCCCAT 4860 
CGAACGCTCA AAGACATCAC TGAGACTTCC CAAGCCTGTC CACACCTCAA TCCCACCAAC 4920 
TCTGCCGTCA AACAAGGGAC TAGAGTTCGA GGCCACCGAC CCGGCACCCA CTGGGAAATT 4980 
GATTTCACTG AGGTAAAACC TCCCCTCTAT GGGTATAAJIT ATCTTTTACT TTTCATACAC 5040 
ACTTTCTCTC CATGGGTAGA AGCTTTCCCA ACCAAGAAAG AAACTCCCAA AGITCTAACC 5100 
AAGAAGCTAC TACAACAAAT CTTCCCCAGA TTCGGCATGC CACAGGTATT CCGAACCCAC 5160 
AATCGGCCTG CCTTCGTCTC CAAGCTAAGT CAGACACTAC CCGATTTACT GGCGCTTCAT 5220 
TGGAAACTAC ATTCTGCTTA CAGACCCCAC AGTTCACCTC AGCTAGAAAC AATCAATAGC 5280 
ACAATCAACG AGACTTTAAC TAAATTCACC CTTCCAACTC CCTCTAGGGA CTGCCTCCTC 5340 
CTGCTTCCCC TACCCCTGTA TCCACCCCCC AACACGCCGC CCCCCCATCC TCTCACCCCA 54 00 
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TATGAAATCT TATATGGGGC ACCCCCGCCC CTTGTAAACT TCCCTGATCC TGACATCGCA 54 60 
AAGGTTACTC ATAACCCCTC TCTCCAAGCC CATTTACAGG CACTCTACCT GGTCCACCAC 5520 
GAAGTCTGGA GACCGTTGGC GGCAGCTTAC CAAGAACAAC TGGACCGGCC GGTACTCCCT 5580 
CACCCTTTCC GAGTCGGTGA CACAGTGTGG GTCCGCAGAC ACCAAACTAA AAATCTAGAA 5S40 
CCCCGCTGGA AAGGACCTTA TACCGTCCTA CTGACTACCC CCACCCCTCT CAAAGTCCAC 5700 
GGCATTGCAG CCTGGATCCA CGCTGCCCAC GTAAACCCTC CCCACACCAG GATTCACCCA 5760 

CC^.TCGGAAT CGACATGGCC TCTTCAACCC TCTCAAAATC CCCTAAACAT AAGATTCACC 5820 
>REFMLVCGD . ENV 

CGCGGGACCT CCTAATCCCC TTAATTCTCT TCCTCTCTCT CAAACCCCCC AGATCCCCAG 5880 
REFMLVCGD-POL< 

CACCCGGCTC CACCCCTCAC CACCTCTACA ACATTACCTC CGAACTGACC AATCCCGXTC 5940 
GGGAGACAGT ATGGGCAATA TCAGGCAACC ACCCTCTGTG GACTTCCTCC CCACTCCTCA 6000 
CCCCAGATTT GTGTATCTTA CCTCTCACTC CGCCGCCCCA CTCCCCCCTA GAGTATCACG 6060 
CCCCCTATTC CTCGCCCCCC GGGCCCCCTT CTTCCTCACC CACCAGCCGC AACCTTCCAC 6120 
GCTGTGCCAG AGACTGCAAC GAGCCCTTGA CCTCCCTCAC CCCTCCCTCC AACACTCCCT 6150 
GGAACAGACT TAAGCTGGAC CAGGTAACTC ATAAATCAAC TCAGCGATTT TATGTCTCCC 6240 
CCGGGTCACA TCGCCCCCGG GAAGCCAAGT CCTGTCGGGG TCCACACTCC TTCTACTCTC 6300 
CCTCTTGGGG CTGCGAGACA ACCGGTACAG TATACTCGAA CCCCTCCTCT TCTTCCGACT 6360 
ACATCACAGT AGACAACAAT CTCACCTCTA ACCAGCCTGT TCACCTATCC AAAGACAATA 6420 
AGTGGTGCAA TCCCTTCCCT ATCCCCTTTA CAAACCCCCG CAAACACCTC ACCTCATCCA 6480 
CAACTGGACA CTATTGGGCT CTACCTCTTT ATCTCTCTGG ACACCACCCA CGCCTTACTT 6540 
TCGGGATCCG ACTCACTTAT CAAAATCTAC GACCTCGGAT CCCAATACCA CCAAACCCCC 6600 
TCCTGGCAGA CCAACTTTCC TTCCCGCTAC CTAATCCCCT ACCCAAACCT CCCAACTCTC 6660 
CCCCCGCCTC TACTTCCACT CCCACATTCA TTTCCCCGTC CCCCACTCCC ACTCACCCCC ^720 
CGCCAGCACG AACGGGAGAC AGATTACTAA ATCTACTACA CCGAGCTTAC CAGGCACTCA 6780 
ACCTTACCAA CCCTGATAAA ACTCAAGACT GCTGCTTATC CCTAGTCTCT CGACCCCCCT 6840 
ATTACGAGGG GGTTGCCGTC CTAGGTACTT ATTCCAACCA TACCTCTCCC CCAGCTAACT 6900 
GCTCCGTGGC CTCCCAACAC AAGCTGACCC TGTCCCAAGT CACTCGACCG GGACTCTCCA 6960 
TAGGAACAGT CCCAAAAACT CACCAGGCCC TGTGCAACAC TACCCTTAAC CCAGGCAAAC 7020 
GGTCTTACTA TCTACTTGCC CCCACAGGAA CTATGTGGGC ATCTAACACT CCACTCACTC 7080 
CATGCCTATC TGCCACCCTG CTTAATCGCA CCACTGACTA TTCCGTTCTC CTGGAATTAT 7140 
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GGCCCAGGGT CACCTACCAT CCTCCCAGTT ACGTCTATAG CCAGTITCAA AAATCCCATA 7200 

GACATAAAAG AGAACCACTG TCCTTAACCT TGGCCTTATT ATTACGTGGG CTAACTATCC 7260 

GTGGCATCGC CGCGGGAGTA GGGACAGGAA CTACCCCCCT GGTCGCCACC CAGCACTTTC 7320 

AGCAGCTCCA TGCTGCCGTA CAACATGATC TCAAAGAAGT CGAAAAGTCA ATTACTAACC 7380 

TAGAAAAGTC TCTTACTTCG TTGTCTGACG TTGTACTGCA GAATCGACGA GGCCTAGACC 7440 

TGTTGTTCCT AAAAGACCGA GGACTGTGTG CTGCCCTAAA ACAACAATGT TGTTTCTATC 7500 

CTGACCATAC AGGCCTAGTA AGAGATAGTA TCGCCAAATT AAGAGAGAGA CTCTCTCACA 7560 

GACAAAAACT ATTTGAGTCC AGCCAACGAT CGTTCGAAGG ATGGTTTAAC AGATCCCCCT 7620 

GGTTTACCAC CTTGATATCC ACCATCATCC CCCCTCTCAT TATACTCCTA CTAATTCTCC 7680 

TTTTTGGACC CTGCATTCTT AATCCATTAG TTCAATTTGT TAAAGACACG ATCTCACTAC 7740 

TCCAGGCrrr ACTCCTCACT CAACAATACC ACCACCTAAA ACCACTAGAA TACCACCCAC 7800 

AATAAATAAA ACATTTTATT TACTTTCCAC AAAAACGGGG SAATGAAAGA CCCCACCAAA 7860 

TTGCTTAGCC TGATAGCCGC AGTAACCCCA TTTTCCAAGC CATGGAAAAA TACCAAACCA 7920 
r c.'*s<> 4 — _ 

^GAATACAGA AGTTCACAT?' AACCCCCCGT ACACGAAAAC ACCTAACCTT GCGCCAAACA 7980 
GGATATCTGC GGTGAGCAGT TTCCCCCCCC CCCCCCCCCC AAGAACAG AT CGTyTOm. 8040 
GTTCGGCC CC CCCCCCCCCC CAAGAACAGA TCCTCCCCAC ATATCCCCCA ACCCTOUStL 810o" 
GTTTCTTAAC ACCCATCACA TGTTTCCJGC mCCCCy c^CACCTCAAAT CACCCTCTGC 8160 
CTTATTTGAA TTAACCAATC ACCCTGCTTC TCGCTTCTCT TCGCCCGCTT CTGCTTCCCG 8220 
ACCTCTATAA AACAGCTCAC AACCCCTCAC TCCCCCCCCC ACTCCTCCCA TACACTCACT 8280 
CGCCCCGCTA CCCCTGTATC CAATAAATCC TCTTCCTGTT CCA 8323 
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♦is / *arc ihc^rtilicant(s) of the provisional application(s) listed on the patent request fonn 

• or ^s. 

.**!*• has cntidement to make a ra^^est under Secdon 1 13 in relation to the provisional applicaiion(s) listed on 
the patent request form 



(eg by assignment, by agreement, etc) 
\^iiljL - Must be completed for ALL CONVENTION AP^ti^ATIONS, 




The person(s) nominated for the grant of the patent: 

*is / *arc the applicant(s) of the basic application(s) listed on the patent fNj;iesi fomi 
or 

*has entitlement from the applicant(s) of the basic application(s) listed on the paten t>«micsi fomi 



SFXTIOS 6 of the Act, 



The peiSqn(s) nominated for the grant of the patent: 

*is /^t^e the depositor(s) of the deposit(s) as listed hereafter 
or 

*has entidenri^jnt from the deposilor(s) of the deposit(s) as listed hereafter 

(eg by assignment, by coh^nt, etc) 
Deposit List (by number>deposit inslituuon, date) 



Part 7 - Must be completed if the applicant for a PARENT OF ADDITION is not the applicant or 
patentee of the tnain invention, 

h 

the *applicani / *patentee for *application / ♦patent No. 
authorise 

to apply for a further patent for an improvement in, or modification of, the rn^ invention. 



(Signature) 

Note: This part must be signed by the applicant/patentee of the main invention. 



(Dale) 




Signed on behalf of 
the applicant by his 
Patent Attorney, 
FISHER & KELLY 
(Signature) (Date) 
(If the applicant is a Company or other legal entity, also indicate the name and standing of the authorized sigmitory.) 



/ 



2 - 



Note: This MUST be signed FOR ALL APPLICATIONS 



* Omit/Delete if not appropriate 



